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FOREV/ORD 


This report is prepared in compliance with Article I, Task Ilg of 
Mational Aeronautics and Space Administration Contract HkS 2-7208 of 
14 November 1972, By mutual verbal agreement between the cognizant 
WASA/ARC and UAL technical principals, the requirements of Task Ilg 6 
are more appropriately the subject of a separate report covering the 
Guest Pilot Evaluation in both the simulator and aircraft. These 
results have been submitted as a separate reporto 
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ENGIPEERIfJG SIMUUTION EVALUATIOM 


imODinTIQN 

j’revious studies and evaluations have explored numerous aspects of 
profile modification as a means of reducing ground level noise from 
Jot aircraft in the landing approach. As a result, the technical 
feasibility and noise abatement potential of a two-segment approach have 
been well established. 


The evaluation in the B-727-200 is a logical extension of the previous 
efforts. The broad objective is to determine whether approach profile 
modification can be safely adapted to the operational environment of 
routine air carrier service in a manner acceptable to the air carrier 
community and which is also effective in reducing ground level 
noise. It was felt that this objective required an investigation 
into anything which had an effect on the pilot/aircraft combination or 
on the profile geometry. 

The flight simulator was the logical place to accomplish the initial 
profile and procedurOvS development tasks. The United Air. Lines B-727-222 
flight simulator was modified to incorporate the special cockpit hardware 
which would be in the prototype airplane installation. The two-segment 
system opex'ational and aircraft interface logic was accurately emulated 
j.n software, Ibrcgrams were developed to permit data to be recorded in 
real time on the,vliMie printer, a 14-channel oscillograph and an X-Y 



Plotter, 



This report describes the two-segment profile and procedures which 
were developed in the Engineering Si3tnilation Evaluation, Eranhasis in 
this phase was upon operational concepts and constraints* The finding 
influenced the ultimate system design and aircraft interface. The 
appendices describe the two-segment system operational logic and 
the flight simulator capabilities in detail. 



SUMM/iRY 


The Engineering Sinrulation Evaluation was conducted from 10 October - 
30 rioveniber 1972, It required approximately 160 hours of simulator 
flying time and involved 42 periods ranging from 1,5 to 6 hours in 
length. Comprehensive test matrices which became progressively more 
complex resulted in the establishment of a tentatively optimum profile. 
This phase of the evaluation also established the practical limits 
within which the profile paramieters and certain crew procedures would 
be varied in the flight evaluation in the airplane in order to verify 
or modify the simulation profile as necessary. 

Prior to commencing work in the simulator^ detailed analyses of normal 
system opnration and pilot/system interface and of the primary and 
secondary effects of system failures were conducted. The simulator 
had been accurately programmed bo emulate the two-segment system logic 
and the aircraft interface. Thorough testing of all normal and abnor- 
mal conditions resulted in a high degree of confidence that the same 
results would be seen in the prototype airplane installation, 

Tlie basic procedures were first developed under simulated average 
conditions of operating weights, center of gravity and environmental 
factors. They were then tested under a wide range of precisely varied 
environmental and operating conditions to determine whether these 
variances would affect the two-segment approach differently from the 
standard ILS procedure under the same conditions. 



The optiniura profile and practical variation limits developed in the 
simulator weres 


upper Segment Angle 


6 ^ 


3^£iatiQ_n_Limlts 
5,2° - 6.5° 


13-30 Seconds 

3000' (AF1)~12000KMSL) 


Lower Intersect Altitude '(AFL) 690' (2o9® G/S) 500-1000 ' (AFL) 

Upper Segment Transition Tim© 17 Seconds 15-25 Seconds 

Glideslope Transition Time 24 Seconds 

Upper Segment Intercept Altitudes - 
*^f|0TE« The 12000 '(I'^L) limit was dictated by the limits of the bare 

correction pot installed In the prototype airplane installation 
It is not considered a valid operational limitation with an 
industry-acceptable altimetry interface® 


The procedure is adaptable to a reasonably wide range of airspeed and 
configuration scheduling in the initial portions of the approach ^ For 
safety, rex>eatabllity and pilot workload reasons, it is necessarily 
less flexible from glideslope capture point onward for the same reasons 
that the standard ILS becomes more structxired after glideslope 
capture. The principal operational constraints which limited initial 
approach flexibility are that the pilot should enter the transition to 
upper segment at an altitude and airspeed which permits stabilization 
on upper segment at upper segment target airspeed prior to reaching 
glideslope capture point, and that this portion of the approach does 
not require significantly greater or different crew workload or piloting 
techniques from the standard ILS transition and stabilization* The 



evaluation resulted in an optiraum condition for a 3000*(AFIi) entry 
from level flight, 160 KIAS, flaps 5” with an upper segment stabilized 
condition of Vref +15, gear dovm, flaps 30 ^ by 300-500^ below initial 
entry altitude. Entry at 3000*(AFL) should not exceed 190 KIAS in a 
no-wind condition. Entry below 3000 ‘(AEL) did not permit adequate 
time for stabilization on the upper segment. The higher the entiy 
altitude, the more flexible the entry conditions become, recognizing 
that pilot workload between entry and upper segment stabilization 
are directly related to the length of the upper segment. This is the 
same situation that the pilot faces today in an ILS transition made 
under a wide variation of entry airspeed, flap and landing gear 
configuration. 

The simulation evaluation showed that the flight simulator is an in- 
dispensable part of a development program of this nature and magnitude. 
Not only does it permit the safe and deliberate consideration of all 
facets of the problem, but it is also the only way in which conditions 
can be exactly set or varied by any desired amount. It also signifi- 
cantly shortens the overall program time and significantly reduces the 
flying time required in the evaluation airplane. 
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fyp^SGMErfr profile Am) commonly used terms 

This and other reports and dociinents relating to the B-727 Two-Segment 
Woise Abatement Program use jjoroflle diagrams as a moans of graphically 
illustrating certain ideas or concepts. These diagrams exaggerate the 
profile angles and will use different vertical vs horizontal distance 
scales in order to obtain clarity and to permit diagram labeling* These 
scaling and angular exaggerations tend to create the impression that 
the two-segment approach is much steeper than it actually is « Figure 1 
shows the profile which has been developed and evaluated in the program. 

It is shown approximately to correct distance and angular scale below 
the exaggerated profile* 

Frequent use will be made of a number of terms which have explicit 
meanings that are not necessarily self-evident* Where used, the terms 
appearing below will have the meanings shown unless otherwise noted in 
individual cases* V/here additional basic Information would be useful 
in understanding how the tern relates to the system or procedure, that 
information also appears as part of the definition* 

TERM DEFIMITIOH/RELATED INFQRIiATION 

TWO-SEO^OT APPROACH A guided landing approach profile consisting of an 

upper segment (i6^ for 727) and a lower segment which 
is the ILS glideslope for the runway to which the 
f approach is being made (sea Figure l). 

The Captain's navigational system is configured for 
the approach when: 

(1) He places the two-segment selector switch in the 
”ARM" position and 

(2) The for the approach runway is tuned and 
valid and 

(3 ) His is ON and valid stnd 

(4) All validity inputs required by the two-segment 
system are present. . 

To obtain two-segment approach guidance he must have 
his flight director and/or autopilot in the, respective 
auto approach mod^{s) , ■ 




The two-segraent system consists ofs 


(1) Coll ins special. j3urj5p a . Q 

(a) Two«»Segment Computer 

(b) Switching Unit 

(c) Two-Segment Selector Switch ("ARM-OFF" ) 

(d) Airport Elevation Set Panel 



(2) Mrqra it j^^one ntj 

(a) Altimeter system capable of furni3h1.ng baro- 
corrected pressure altitude input to two- 
segment computer (computation/validity) o 

(b) Df'IE (computation/validity) o 

(c) VITF NAV G/S Receiver (glideslope computation/ 
validitv for clideslope segment )o 


( 3 ) 

(a) DME co-located at glideslope transmitter o 

(b) Glideslope transmitter (essential for glide- 
slope segment computation) o 

NOTE; The Flight Director^ Autopilot and HSI and the 


Its localizer are not parts of the system under this 
definition. Any and/or all are necessary in execut- 
ing a two-segment approach; however it is important 
to recognize that the above airplane units are the 
p^ers of the two-segment system output and are not 
vital to the system performing its computational 
functions. The Flight Director and Autopilot receive 
and use the system output only when they are in their 
respective auto approach mode(s)o The HSI vertical 
deviation display is coupled to the system output 
whenever the two-segment system is armed and valid, 
irrespective of the position of the Flight Director 
and/or Autopilot Mode Selectors o 



The system is "armed and valid" when? 


(1) The t\-70-segmeTit selector switch is in the "ARM" 
position and 

(2) All two-segment switching unit relay logic 
checks are satisfactory and 

( 3 ) All aircraft component validity inputs above 
are present, Glideslope valid is not required 
for upper segment. The system cannot check 
inputs for reasonableness# 

NOTE ; Assuming required electrical power is avail- 
able, the two-segment selector switch is solenoid- 
held in the "ARM" position' when it is placed there 
by the pilot. It does not require satisfactory 
validity checks (2) and (3) above to remain in 
"ARM" , It electrically trips out of the "AjRM" 
position only if "G'O— AROITI®" is selected or if the 
parent 28VDC radio bus power fails. It can be 
manually tripped off by the pilot* 



This term has the same connotation in the two-segment 
approach as LCXj or glideslope capture in the standa3rd 
ILS approach.. The two-segment profile differs from . 
the ILS in that it involves two distinct captures s 
Upper Segment Capture ~ The point when approaching 
upper segment from below at which the transition 
maneuver from initial approach flight path to upper 
segment commences. This is signalled to the pilot 
by the change of the upper segment annunciator(s) 
from AMBER to GREEWo The flight director and/or 
autopilot will command the appropriate nose down 
maneuver o 

Glideslope Capture - This is essentially identical 
to ILS glideslope capture from above « The "GLIDE- 
SL0H3" annunciator(s) change from AMBER to GREEN 
and the flight director and/or autopilot command 
the appropriate nose up maneuver to shallow the 
flight path from 6*^ (upper segment) to ILS glideslope 
angle, 

Glideslope capture is further signalled to the pilot 
by the HSI vertical deviation display moving from 
centered (if A/C is centered on upper segment at 
this point) to some position approximately dots 
below the centered position (aircraft above the 
glideslope) to indicate that the vertical de^/iation 
reference has switched from upper segment to glide- 
slope. The bar will immediately begin movement back 
toward center as the airplane descends toward glide- 
slope centers 



y JjiR 1 IC A L D iW I A f I GK R EJ^ SRl!<i^ E In the course of* the “two— segment approach, 

there are tvro vertical deviation references 
(see Figure below): 

(1) Vertical deviation is referenced to upper 
segment from "UPHER SEG14ENT" AI4BER to 
Glideslope Capture Point, (^'Glideslope GREEN”) 

(2) Vertical deviation is referenced to the 
glideslope from glideslope capture point 
("Glideslope” GPIEEN) for the remainder of 
the approach , 

i\fOTE: Upper segment deviation is linear at 

250 '/dot. 

Glideslope deviation is angular and exactly 
the same as standard ILS , 



■» ZSRO DEVI/iTION » 
and 

’■OiJ GLIDESLORE'* 




The airplane io at zero deviation when it 
is on upper segment center and on glideslope 
when it is on ILS glideslope center « 


The term ”mis~set” means ttuit the signal value 
which the two~segment computer is receiving for 
its compfutational base is in error » A mis-set 
can be either the result of electro-mechanical 
error or it can result from the crew's -mis- 
settlng the airport elevation set panel and/or 
the baro correction on the altimeter ^ In either 
case, the system cannot check a signal value for 
reasonableness o The presence of any signal will 
be accepted by the computer and used at that 
value in computation <> 



PROFILE AND FRQC.EDURSS DEVELOR^ENT 


I^ior to connnencing the work In the simulator, a thorough analysis of 
the system normal opero.tional logic and system/pllot/aircraft interface 
wa;-. made. In addition, a comprehensive study of the effects of two-seg- 
mont and relal-ed aircraft systems failures conducted* 

The first oart of the simulator work was designed to investigate each 
individual variable while holding the others at some fixed value to 
detennlne; 

(1) The effects of chmging a given variable. 

(2) The reasonable maxln^im and minimum value of the variable by observ- 
ing that variations outside of this range introduced an unacceptable 
condition as !.o safety, repeatability, pilot workload or negligible 
reductions in ground level noise • 

Having determined these effects and variation limits, the Project Pilot 
Team progres vsive.ly combined the interrelated variables in order to narrow 
and eventually to optimize their values with respect to each other. 


All of the systems failures were induced and carefully analyzed to deter- 
mjne that the principal effects v/ere as expected and that they did not 
give rise to any other secondary effects which might not have been 
considered in the pre-simulator studies. 


The final task was to combine all of the variables at their optimized 
values to derive the optimum profile and procedure. The profile with 


OF POOR 9UALre» 
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the established variation limits of each Vrariable vere carried forward 
for verification or mrxliflcation in the evaluation airplane. 

Figure 2 illustrates the elements of the two-sogment approach profile 
which were investigated in the Engineering Simulation Evaluation, 

The 727 Program was conceived and structured to be a logical extension 
of the evaltxati on conducted in 1971 in the AA B720-023B, The 720 profile 
was therefore selected as a starting point for the profile variables 
investigations in the B-727-222 flight simulator. 

Figure 3 shows the profile developed in the AA evaluation with the two- 



used in the 727 Simulation Evaluation, Where the 727 profile ultimately 
differs from the AA profile, the reasons for the differences will be 
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Upper Segment Intercept Altitude/Airspeed 

These variables were investigated for several important operational 

reasons: 

(1) The physical principle of sound attenuation ^as a function of dis- 
tance from the noise energy source suggested that there was a 
minimum upper segment Intercept altitude below which no substant- 
ial ground level noise reductions would be realized. The Simu- 
lation Evaluation determined that this minimum both for sound 
abatement and operational reasons, should be 3000* (AFL), 

Figure 4 shows the approximate relationships between inter- 
cept altitudes and the corresponding PWdb noise level directly 
beneath the aircraft at any given point in the approach. 

(2) A stabilized speed and configuration for entering glideslope 
transition was considered operationally necessary from a safety 
and crew workload standp>oint. A matrix was flown to determine 
maximum upper segment intercept speeds for a given intercept 
altitude which permitted the pilot to configure and stabilize on 
upper segment prior to glideslope capture point. The maximum 
intercept airspeed at 3000* (AFL) which did not unduly increase 
crew workload on the upper segment for a Vref +15, flaps 30°, 
glideslope transition entry was found to be 190 KIAS. Optimum entry 
conditions for the B727 at 3000' was determined to be I6O KIASj flaps 5 
Progressively higher entry speeds up to 250 KIAS, clean at 6OOO*, 

were found to be manageable for deceleration to Vref +15 and 
flaps 30 at or above glideslope transition entry. 



(3) Flexibility in the ATC environment was seen as a necessity o It 
was felt that a hard altitude entry such as the 30CX)^(AFL) used in 
the AA evaluation would unduly structure and limit the utility 

of this procedure. The Collins equipments therefore, included 

the Airport Elevation Set Panel to give an altitude entry flexibilityo 

(4) A side effect of the two-segment procedure which is a function of 
entry altitude, is the potential for fuel savings in the approach 
since the fuel flow on upper segment is about one-half that required 
for the on-glideslope portion of a stabilized IIS, For the 727 
intercepting uoper segment at 3000* , this saving would accrue from 
approximately 6o6 miles to about 2 miles from touchdown assuming 
that the 727 making a standard ILS approach had descended from 3000’ 
to about 1500* at approximately the same fuel flow as is required 
for upper segment tracking. Entry altitudes higher than 3000® 
would increase the total savings. 

While the simulator program was not written to cope with upper segment 
intercept and capture with the aircraft in a moderate descent or ascent, 
the prototype equipment and installation were modified to permit this. 

As with a variable level intercept altitude, it was felt that the capa- 
bility for entry at moderate descent or ascent rates would increase the 
flexibility of the procedure in the ATC environment , 






Lower Segment ■IniiLrgect Altitude 

The investigation into this variable revealed that it Is very influent- 
ial from the noise abatement standpoint,. It also directly or indirectly 
affects a ninnber of the important operational and repeatability factors 
which would be involved in the use of the two-segment approach in regu- 
lar line service, particularly in instinunent weather o 

Figure 5 illustrates a number of important considerations involved in 
varying the height above the field at which the upper segment intersects 
the ILS glideslope® It can be seen that the lower this, altitude the 
lower will be the ground level noise at any given point in the approach. 
Tn the two data traces shown, a variation of 340* yields a noise differ- 
ential in the magnitude of about 6 PWdb throughout most of the upper 
segment r>ortion of the two approaches* This is the result of two basic 
facts j 

( 4 ^') 

(1) The lower intersect altitude ^moves the upper segment toward the 
touchdown point approximately 1 N*M. As a result, the airplane is 
consistently higher above the ground from upper segment capture to 
on-glideslope than for the higher intersect altitude <, 

( 2 ) The power addition required to stabilize on-glideslope is the same 
in both approaches I however, the lower intersect altitude^ places 
the airplane on glideslope approximately lo5 miles closer to touch- 
down than the higher intersect point ) , 

Taken to the theoretical extreme, it can be seen that if the upper seg- 
ment Intersected the glideslo}:® at touchdown, some noise abatement yield 
could be realized throughout the entire approach* The operational and 
safety constraints, however, precluded using what is effectively a 
single-segment 6° approach to touchdown 






Operational considerations v/hich made it necessarj'' to investigate some 
intersect altitude other than that developed in the AA evaluation are? 

(1) Some minimum time is required for stabilization on the glideslope 
before reaching the decision height or other designated ceiling/ 
visibility minima o 

(2) The development for eventual use of the two-segment ' approach down 
to Category II minimao 

A matrix: was flown which progressively raised the intersect altitude 
from 280 ’ to 830* in nine steps of about 60 * per stepo The two approaches 
shown in Figure 5 were a part of that matrix » The lower altitude (430*) 
resulted in a time from on glideslope center to toiichdoim of 37 
seconds (no v;ind; Vref +10 ) . The concensus in the Project Pilot Group 
was that this is too short a time for safe (or pilot-acceptable) stab- • 
llizationB The higher intersect altitude (760*) resulted in a 69-second 
interval from zero glideslope deviation to touchdown o The Project Pilot 
Group concurred that this was slightly more time than was required for 
a comfortable and safe stabilization® Having flown the entire matrix, 
the Project Group optimized the intersect altitude of 690' for a 2o9® 
glideslope which resulted in approximately -- 60 ’ seconds of stabilized flight 
on the lower segment, and stabilization on glideslope at or above 500 '(AFL)o 
T his value was selected since it appeared to best satisfy the safety, 
pilot acceptability and glideslope stabilization criteria at the slight 
expense to noise abatement (which -was always secondary to safety in all 
of the determinations made in the profile and procedures development 
phase)® 



Upper Segment .Anisia 

The upper segment angle is critical from the operational standpoint 
in that relatively small . variations introduce factors bearing directly 
on pilot vrorkload which are out of proportion to the resultant noise 
improvement. While there are significant sound reduction differences 
between the lowest and highest angles tested, the j^peration^ requirement 
for immediate thrust response at any point on the profile established a 
oractical Uoper Segment limit of 6,5°* The practical noise abatement 
lower angle limit was determined to be 5*2* 

The total matrix which was flo^jn in investigating upper segment angle 
variation effects included angles from 2*5® to 10^, It was known 
beforehand that the angles in the 2,5^ - 4*0° range could not be ex- 
pected to yield any significant ground level noise reductions. They 
were included in order to investigate both a constant angle to threshold 
flight profile and as upper segments. 

It was logical to assvime that the steeper the angle became, the greater 
the noise abatement. This was assumed to be true because at any given 
point from touchdown, the airplane is higher above the ground than it 
would be at a lower angle, and because the engine power requirements 
to maintain a given speed became less as the angle increases. The 
angles in the range were investigated to detemine the air- 

speed, power, configuration and vertical speed problems inherent in 
such angles. As v/as suspected, angles above 7^ were not operationally 
feasible. At 10°, for instance, the speed stabilized at Vref +30 to +50 







knots, depending on gross weight with gear down, flaps 40® and thrott! 
at idle. The only way that the speed could be brought down to an accept- 
able value was to extend the speed brakes with the flaps extended, which 
is not an acceptable or authorized configuration for the B-727 series aircraft 

An angle of 7® was manageable 5 however, this demanded pilot attention to 
configuration and power scheduling which was too critical to justify the 
relatively small noise abatement yield over the slightly lower angles. 

Figure 6 illustrates the profile and noise plots for the 3®~10® upper 
segment angle range as recorded on the X-Y Plotter* Lower intersect 
altitude was set at 500’ for these tests. In interpreting this plot and 
all other X-Y plots which appear in this report, it should be noted that: 

(1) The X-axis was scaled to 1";-|- Nf.M. 

( 2 ) The Y-axis for the flight path angle plots was scaled to 1”;400’* 

The X- and Y-axis scaling differences result in the flight path angle 
exaggerations in all such plots. 

( 3 ) The X-axis scaling for the noise plots remained 1” t-i- N.Mj the PNdb 
(Y-axis) was scaled l”:6,4db. 

A detailed description of the noise prediction program used in the simu- 
lation eval\iation appears in Appendix: H. 

In examining Figure 6, one sees the obvious effects upon noise of vari- 
ations in upper segment angle which are contained in the general state- 
ments above. As the angle steepens, the distance from touchdov/n that 
the 95 H'fdb level is experienced directly beneath the airplane moves 
toward touchdown by a rather significant amount. The facts which are 
not obvious are. the increasingly less acceptable operational factors 
inherent in steepening the angle. 



Fif^es 7 and 8 are X~Y noise and profile plots of a portion of the 
investigation into the upper segiaent angle variation effects upon ground 
level noise* They point up the fact that in the 5®-6o5® upper segment 
angle range, the distance to touchdo^m difference at which a given PNdb 
level is experienced, is about 0o5 whereas a variation from 4o5^^ 

to moves this point approximately 0«9 NoM=, It is also obvious 

that the higher the angles, the closer the 95db point is to touchdown o 
Despite the smaller movement between 5° and 6o5^ than at the lower angles, 
it became apparent that the upper segment angle range repre- 

sented the best area for trade-off between noise abatement and operat- 
ional factors in view of the principal overall objective of developing 
a safe and operationally acceptable approach procedure* 

The investigation resulted in establishing the practical upper segment 
angle range for the B-727 between 5® 2° and 6o5°* The lower limit (5.2®) 
was selected because the noise abatement srield became too small at lower 
angles to justify the use of a two-segment profile* The high limit (6o5^) 
was set because the operational difficulties attendant with the angles 
higher than this offset the noise abatement yields which accrue from 
these angles. The upper segment angle was tentatively set at 6*^ as the opt.i- 
mum angle which represented maximum noise abatement yield while still 
porinitting the airspeed, power, configuration and vertical speed factors 
to remain easily manageable. 
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Uppe r Se^^nent Capti ir,^ Jjplirb 

Unlike some of the other profile geometry which can be fixed at some 
value and hard-wired into the two-segraent computer (e. go, upper segment 
angle of 6®), the upper segment capture point is calculated as a function 
of the instantaneous rate at which the aircraft is approaching the 
computed upper segment o This rate is interpreted in the computer in 
terms of the rate at which the vertical distance between upper segment 
(extended) and the aircraft (approaching from beneath) is changing. 

Using this rate information, the computer calculates the point at which 
the pitch-over command must be initiated in order to transition the 
aircraft on to upper segment without overshoot o The faster the air- 
craft is approaching upper segment, the earlier the pitch-over command 
is initiated since, as will be shown in the next section, the time for 
accomplishing the maneuver is a constant. 

The development task of establishing the upper segment capture point 
involved two constraints; 

(1) Variations in ground speed (IAS + wind component) will vary the 
horizontal distance from the upper segment center that the pitch-over 
command will be initiated since the transition time is a constant. In 
attempting to optimize the Delta h (so© diagram below) at which this 
occurs. It was necessary to fix the ground speed in order to derive a 
value appropriate to that ground speed. If this value is established, 
the two-segment computei* is designed to cope with variations from this 
"benchmark” value. The Project Team selected 160 KIAS, no wind, 3000 ‘ 
level as the principal test condition. 


(2) Transition time constants from 15 to 25 seconds were selected in 
the interdependent investigation into upper transition* 

Holding the transition time constant at one of the above values, and 
groundspeed constant at 160 KIAS, Delta h was varied. At the expir- 
ation of the selected transition time, the aircraft deviation from 
upper segment center was measured. If the trial value of Delta h had 
resulted in an undershoot. Delta h was decreased; if overshoot, it 
was increased. 


Sinn TiStJtis t MOkts, 



UPPER segment' CAPTURE FQIHT AS FUICTIOH OF^h AND GRQUNDSIEED 


Subsequent trials using values of Delta h between Delta hi and Delta h2 
and transition times between 10-30 seconds resulted in empirically deter- 
mining the proper value of Delta h of 400^ and transition time of 17 
seconds for upper transition at 160 KTS groundspeed. 


Uppe r Transition 

The upper transition is that portion of the two~segment approach pro- 
file from upper segment capture point to some point on (or near) upper 
segment center ^ The transition places the aircraft on upper segment 
center provided : 

(1) The point at vhich the transition maneuver begins is correctly com- 
puted for the instantaneous speed of approach to upper segment, and 

(2) The DME component of this speed remains substantially constant 
throughout the transition maneuver, and 

(3) The pitch maneuver is precisely commanded and executed, and 

(4) The transition time (a computer constant) has been correctly 
established. 

An operational constraint was placed upon this maneuver. This was that 
the aircraft should transition to upper segment with virtually no over- 
shoot, During the transition, the autopilot and/or flight director 
predicate their commands to their respective pitch channels on certain 
memorized closure rate outputs from the two-segment computer. The 
transition time constant established the time it takes to wash these 
commands out. If the combination of captiare point and transition time 
do not place the airplane on (or very near) upper segment, an unaccept- 
able correction command could result. It is for this reason that 
particulrirly any appreciable overshoot of upper segment in the tran- 
sition would resiilt immediately after transition in a cominand to in- 
crease the nose down attitude to correct back to upper segment. This 
would logically result in higher vertical speeds, increased speed/power 
problems and potentially unacceptable g-force sensations in the passenger 



Three approaches to the upper transition problem were theoretically possible; 

(1) Commence the pitch maneuver at some fixed point before reaching 
upper segment and vary the pitch rate. 

(2) Vary both the point at which the maneuver commences and the pitch 
rate • 

(3) Fix the time that the transition maneuver will take and compute 
the point based on speed of approach to upper segment at which 
the maneuver should commence in order that at the end of this fixed 
transition time, the aircraft is positioned on upper segment. 

For operational and technical reasons, neither of the first two options 
was acceptable. 

The computer was therefore designed around the logic implicit in option 
(3) above. Using the inputs described in the discussion of upper 
segment capture point, the computer can consistently calculate this 
point over a reasonable range of speeds. 

It was the objective of the investigation into this variable to 
establish an optimum transition time which was expressed in the computer 
hardvfare in very simple conceptual terms as a time constant that was 
"triggered” at the computed upper segment capture point and "expired” 
some fixed number of seconds thereafter. 

As with the other investigations, a set value was assigned to all 
interdependent or interrelated variables, and transition rates were 



developed by varying the time it took to alter the flight path angle 
a fixed mimber of degrees (in this case from level to 6® down)*, 

The jjrimary operational criterion which governed (and ultimately 
limited) this particular parameter was the ease and consistency with 
which the pilot could follow the flight director pitch coinmnd, 
keeping in mind the desirability of making this transition as close as 
possible to the familiar standard ILS transition* 

In a matrix of trials in which the upper segment capture points were 
varied from Ah=i300' to Ah= 600 * and transition times for 15 seconds 
to 25 seconds, an optimiun transition time of 17 seconds was derived. 



Lo.wer_ TrarisJLtio n 

Conceptually, the same problems exist at lower transition as for the 
upper transition except that a pitch-up maneuver is required and it is 
usually (though not necessarily) of a smaller magnitude than the upper 
segment capture maneuver* 

The same options for approaching the problem existed for this transition 
as were discussed earlier in upper transition* For the s^e basic 
reasons, lower transition time is a constant with the computed glide- 
slope capture point varying as a function of rate of approach to the 
ILS glideslope* 

From an operational standpoint, this is probably the most critical 
of the profile variables. Not only do the operational constraints 
which applied to upoer transition also apply to the lower, but the 
factors of safety and more stringent accuracy and repeatability 
necessarily overrode noise abatement considerations in this portion of 
the approach profile* 

The safety protection features of the equipment are discussed in 
Appendix I of this report. The provision of three essentially indep- 
endent fail capture protectors serves to emphasize the degree to which 
the ends of safety as regards protection from failures at this point 
in the profile were considered. 



The lover transition was viewed as the psychologically most critical 
part of the entire approach. The airplane is descending at lower 
power and at a higher rate than the pilot is accustomed to seeing in a 
standard ILS approach. While the upper segment descent rate may well 
be less in many cases than are dictated by some of the ^^keep em higher 
longer” VFR procedures in use today, the fact remained that the two- 
segment procedure was being developed for routine use in inclement 
weather . (eventually to CAT II uiiniina)o 

From the safety and pilot acceptance standpoint, the instrument guidance 
the pilot receives and the impact upon his workload at this critical 
point in the approach were the most important considerations in the 
lower transition development. The specific criteria which were applied 
were that the transition from upper segment to glideslope must be 
accomplished by an operationally acceptable height above the ground 
and at a distance from tbuchdown (or before DH) which would permit the 
pilot to feel comfortably stabilised before the land-go—around deci- 
sion had to be madoo A delicate balance had to be struck between a 
pitch rate that was too subtle to signal to the pilot that the tran- 
sition had commenced and one which might be so rapid as to increase 
the possibility of flying through the glideslope and/or which might 
result in unacceptably- fast speed decay and pitch trim workloads in 
the transition. 

The interrelationships bet^^'een lower transition time and glideslope 
capture point are analogous to the upper segment capture/upper 



transition time relationship. For this reason, lower capture and lover 
transition times were investigated and optimized in a set of trials in 
which both were varied within the matrix. 

Very short transition times (10 seconds) were tried. While the air- 
craft could very readily make the transition in tliis short a time, it 
was too rapid a pitch rate to be comfortable for the pilot. This 
variable was carefully investigated in about 2-second steps up to 
30 seconds. It was optimized for aircraft evaluation at 24 seconds. 

G lideslope Capture Point 

As with development of a ^h - transition time combination for upper 
segment transition, a similar matrix was flown to develop this lower 
combination. Using transition times between 10 and 30 seconds, the 
range of capture point values tested in this matrix was from 900 ‘(AFL) 
to 1400 *(AFL)^ 


With the lower intersect altitude of 690* (AFL) for a 2,9® glideslope, 
the nominal glideslope capture point for a Vref +15, flaps 30®, no 
wind approach is 1050’ (AFL), transition time 24 seconds. 

The lower intersect altitude, lower transition rate and glideslope 
capture point differences between the 727-200 evalviation and the AA 
720-023B evaluation account for the major differences in the two profiles. 


J 
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FlaT>^Airsp eQd ScJxe(Miixs:ALre.w_g 

The develojsnent of a safep operationally acceptable two-segment profile 
and crev; procedure were the basic criteria applied, in the profile 
development and optimization process ^ 

The principal considerations relating directly to operational accept- 
ability weres 

( 1 ) Crew duties to fly the two-segment approach must be as similar as 
possible to the duties of flying the standard IIB approach o 
{Z) Guidance and perfonnance instrumentation displays should be inter- 
preted by the pilot in the same way as when they are being used 
for other instrument approach guidance and progress monitoringo 

(3) T\^o-segment system failures and unreliable guidance warnings should 
be furnished to the pilot in the same manner as in conventional 
system/guidance failures of the same naturey including signal 
monitoring and retraction techniques 3 This also included pro- 
vision for the safe and easy reversion to such other navigational 
and giaidance equipnent as was unaffected by the two-segment system 
failure & 

( 4 ) The two-segifient approach should not significantly increase pilot 
workload or require inordinate attention to some particular itera(s) 
to the exclusion of other equally important cockpit activity* 

(5) The minimum acceptable level of engine power at any point on the 
profile must provide an immediate thrust response to throttle 


movement . 



(1) CR3SW DUTIES TO FLY THE TWO^EGMExMT APPROACH MIBT BE I\S SIMILAR AS 
KXSSIBl^ TO THB DUTIES OF FLYING THE STAIJDARD US APPROACH . 

l 

These were analyzed before the simulator work began and were verified 
in the early part of the evaluation. Only two additional steps are 
required to configure for the two-segment approach which are not re- 
quired in the ILS configuration: 

(a) Place the Two-segment' Selector Switch to ”AI24*' ~ this can be con- 
sidered as more of a pilot decision than a procedural step. This 
makes the two-segment system outputs available to the Plight 
Director and/or Autopilot in their auto modes only. The HSI 
Glideslope Bar is switched to upper segment deviation reference. 

(b) Set the published TDg elevation in the Airport jBlevation Set Panel. 
This input to the two-segmont computer is necessary in order to 
position the upper segment in the correct spatial relationship to 
the approach rxmway. It is classified as a procedural step be- 
cause of the requirement to actually set the numbers in the panel. 
The pilot routinely checks this figure when making a CAT II app- 
roach. A discussion of the effects of mis-setting this panel is 
contained In Aopendlx I. 

In addition to the two steps above, the pilot naist verify that the IME 
! switch is in the ON position. This can be considered a procedural step 
only because the equipment requires an input from the iinit co-located 

.• ' f 

at the IL3 Glideslope Transmitter site. This is an action the pilot 
would normally complete if he were making an ILS approach to any ninway 
equipped with a DME Transmitter. 
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(2) GUIDANCE AI^ II^TRUMENTATIOtJ DISPLAYS SHOULD BE INTERPRETED BY -THE 

PILOT IN TTIE SAMS WAY AS VJHEW THEY ARE BEING USED FOR 'Cn^HER INSTRUMENT 
APPROACH GUIDA^KE Md PROGRESS MONITORING. SIMGE TtE SYSTEM PROCESSES 
P ITCH GUIDAf^CE IlTORT-IATION, PROVISION FOR DISPUYING FURS ILS GLIDESLOPE 
DEVIATION THROUGHOUT THE APPROACH IS ESSENTIAL TO SAEETY o 
These were extensively examined and coordinated among the program 
principals in the earliest days of the program <> Inputs from other 
carriers and the industry were also requested and considered^ Several 
Important equipment design and system logic changes resulted from this 
effort* All of these changes were made for the principal purpose of 
improving the pilot-system interface or to insure that the pilot could 
interpret his instrumentation and displays in the same basic way he 
currently interprets them when flying a standard ILS approach* An 
important part of the simulator functional testing was the verification 
of the following operationally important instmimentation and annun- 
ciation modifications for the two-segment systems 

(a) The Approach Progress Display was modified to include "UPPER SEGMENT" 
Annunciators between the "VOR/LOC" and "GLIDESLOfE" Annunciators* 
These incorporated the standard AMBER (armed )-GREBN (capture) logic* 
They were placed above the Glideslope Annunciators to preserve the 
continuous progression concept in the Progress Display. 

(b) The ADI Glideslope and Localizer Displays were kept independent of 
the two-segment system^ and were not switched* Tliey always display 
aircraft deviation with respect to the ILS and provide "Uie pilot 
with a continuous familiar reference floor that he must not go below. 


(c) The HSI Glideslope Bar displays vertical displacement from the 
reference segment (upper then glideslope) whenever the system is 
armed and valid. From glideslope capture point ("Glideslope” GREEIi) 
onward, the vertical deviation displays on the HSI and ADI should 
be identical. 

The potentially confusing factor of the pilots’ seeing different HSI 
and ADI vertical deviation displays in the upper segment portion of 
the approach was carefully weighed against the need to provide the pilot 
with a continuous reference to the ILS glideslope. The latter was con- 
sidered operationally essential. 


It was also considered necessary to provide the pilot with a pre-capture 
configuration cue similar to that which he sees approaching the glide- 
slope on a standard IliS. Upper segment deviation was set at 250 '/dot. 
This Tnea.nt that the glideslope bar starts the familiar downward move- 
monl. from the upper stop just before upper capture which occurs at 
about 400' below upper segment in a level entry at 160 KTS. At sub- 
stantially higher entry speeds, this cue is slightly later: however, 

to Increase the deviation/dot to preclude this would have resulted in 
lessening the upper segment tracking accuracy. 

(3) mO-_SE(ijEjjT km ummLABLE GUIDAICE WARMINGS SHOULD HE 

| WiL3JiSD TO THE PILOT lU THE 3.W mmm AS ID COiWENTIOML FAILURICS 
SAI-IE NATURE, INCLUDING SIGNAL MONITORING Af'JD RETRACTIQM TBCHMT- 
■3.UES, THIS Also lUCLUDiiD I^OVIDING FOR THE SAFE AITO Ei\SY REVSRSIQU TO 
Arro GUIDANOE.. EQUIPMENT WHICH VJAS UNAFFECTED BY THE 

miLlTiE. 
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All standard aircraft system failures retained the same flags or other 
warning as before o In those cases in which the two-segment system was 
not receiving a validity input from some aircraft component, it displayed 
the appropriate flag® 

The system itself was designed so that it would not arm unless all 
validity signals were present o When the system is being used for gui- 
dance, it biases the Flight Director Command Bars from view and/or 
trips off the Autopilot if any validity signal is lost or if an attempt 
to use the system under improper conditions is madeo A detailed dis- 
cussion of these conditions and of the failure protection in the sys- 
tem is contained in Appendix I. 

l^-evorsion to any other Flight Director or Autopilot mode requires only 
the selection of the new modSo Operation in the new mode is immed- 
iately restored to standards The system logic is designed to prevent 
one system from being under two-segment system guidance control whlie 
the other is under basic airplane system guidance control. Selection 
of any reversionary Flight Director mode, therefore, will trip the 
Autopilot off. Selection of a reversionary autopilot mode will bias 
the Command Bars from view© To re-engage the two-segment system after 
a reversionary mode selection on either the Flight Director or Autopilot, 
the pilot must manually re-cycle the Two-segment Selector Switch to 
"OFF” then back to "ARM", He must then re-select the desired auto 
mode(s). Unless all system validity conditions are satisfied at this 



point, the Coramand Bars will immediately bias from view and the Auto- 
pilot will trip 


(4) Ting TVfO-SKGMKiYT APPROACH SHQUU) HOT SIGMIFXCAWTLY irCRKASE PILOT WQR3U 
LO AD , OR REQUIRE!. UN^FAI'OLIAR FLIGHT TBaMIQUES AS CCKPARED TO 

, TIffi) STAIIDAid) ILS . 

These factors 'Strongly influenced the Project Team’s investigation and 
optimization of the two-segment profile parameters, A good example is 
that upper segment angles above 6,5^ yielded better noise reductions 
than lower angles, but were not operationally acceptable because of 
the workload and flight techniq\ies problems posed by the requirement of 
flar>-airspeed configurations required to meet the thrust response 
requirement. 

After the basic profile parameters had been investigated and their 
practical variation limits established, a comprehensive matrix In- 
volving flap conCiguration and airspeed combinations was flown: 

(a) i'o develop and optimize the flap and airspeed schedule combin- 
ations which minimized pilot workload and which also'vere effec- 
tive noise redxxcers, 

(b) To determine any limitations in the use of an otherwise opera t- 
ionaLly-acceptable two-segment profile and procedure. 

The follovrlng flap/airspeed combinations represent only a small portion 
of the total matrix. They are discussed here only to illustrate how 
one or more of the workload/ technique factors influenced its. overall 
acceptability; : ‘ 



Fla ps/Ajjrapeed Combination 

Flaps 40^ from coimnencement 
of appra'ich to landing. 

Airspeed Vref +30 "on upper with 
bleed to Vref at landing* 


Flaps 40^ from commenceraont 
of approach to landing, 

Vre.f +10 to +20 on upper with 
speed bleed to Vref on glide- 
slope. 


Flaps 30^^ on upper to flaps 40° 
on glideslope. 


Flaps 0°-25‘^ on upper to 30°~40° 
on glideslope. 


C_omment3 

(1) Required no power adjustment from 
establishment of Vref +30 to touch- 
down, 

(2) Provides 70^ required for full 
anti-ice . 

(3) Trimming required throughout 
airspeed bleed (30 KTS). 

(4) Negligible noise reduction. 

Not a recommended procedure due to lack of 
noise abatement, pilot trimming workload 
and effect of environmental variables on 
proper speed throughout the speed bleed. 

(1) Requires power adjustment/ trimming 
after speed bleed. 

(2) Does not provide 70‘>S Ni for full anti- 
ice, 

(3) Improved noise reduction over 40°/ 
Vref +30, 

A basically acceptable procedure. Not 
recommended because requires higher power 
than 30° approach without offering com- 
pensating advantages. 

Not acceptable because it requires sinK 
ultaneous power, airspeed, pitch and trim 
management . 

No acceptable combination,. for same reasons 
as 30°-40° above. 


FL'ips 30°, Vref +20 on upper to 
flaps 30®, Vref +5 on glideslope. 


Flaps 30°, Vref +10 to +I5 on 
upper to flaps 30°; Vref +5 on 
glides lope. 


(1) Slightly noisier than above, 

(2) Trim and power adjustment required in 
transition speed bleed (15 KTS), 

Acceptable but not optimum. 

(1) Quiet approach. 

(2) Minimum trim and power adjustments 
required in transition. 

Recommended as optimum approach flap/air- 
speed combination. 



(5) ‘ rHE HlWIMUI-1 ACCEPTABLE liEVEL OF ENGIi^ P0WB::R AT ANY POINT ON THE PROFJM 
• MUST PROVIDE AN IMMEDIATE TPIRUST RESPONSE TO THROTTLE MOyEMEMT . 

This requirement was considered essential to safety* It was particu- 
larly influential in limiting upper segment angle and establishing the 
majcbnum permissible upper segment tailwind o 

It was determined that the thrust response below approximately 150C^/hr 
fuel flow did not satisfy this requirement o 

The optimum profile and optimum flap/airspeed combination satisfied 
this requirement while providing appreciable ground level noise 


reductions • 




The effects on anti-ice capabilities were investigated in the simulator* 
It appears that a 6® two-»segnient approach which yields any significant 
ground level noise reduction is not compatible with maintaining full 
anti-ice capabilities at the typical 727 landing gross weights,, 

This point is illustrated by the resiilts of one of the key trials® 

Upper segment angle was established at The appro<ach iras flown at 

flaps 40°, upper segment speed Vref +15? gross weight lOS, 000#® This 
did not provide the 70^ NX required for full anti-ice. Gross weight 
under the above conditions had to be increased to 140 j 000# before 
70/> Nj poi/er v;as required* 



ENGINEERIl^IG SIMUIiiTIQM EVALimTia^ COIJCLIjSIONS 


(1) In an evaluation of this natiu’C and magnitude, a flight simu- 
lator evaluation phase is an indispensible prelude to flying a 
prototype installation in the aircraft. The simulator is the 
only vehicle in which factors which can va.ry (or be varied) can be 
established at known values, changed by known precise amomts, 
repeated as often as necessary and acciirate effects of these 
factors upon other interdependent factors determined, 

(2) The flight s hnulator will significantly shorten the overall program 
time and reduce flying time required in the airplane, 

(3) The simulator permits the safe and deliberate analysis of failure 
and mis -management effects Including confirmation that no un- 
exi'iected or potentially hazardous side effects will result from 
these failures. 

Spec ific Operational or Technical 

(1) The 60 upper segment represents the best operational trade-off 
between safety, crew workload and noise abatement for the 727 type 
aircraft* 

(2) The principal differences between the AA 720 and the 727 profiles 
stem from applying certain operational criteria in the 727 develop- 
ment which were considered essential to the routine use of the two- 
segment procedure in instrument weather. They have pjroduced a 
higher ,gi|.|deslope intersect point, higher glideslope capture point 




(3) The tvro-segJHGnt procedure as developed for the 727 does not appear 
compatible with conditions requiring the use of full anti- ice. 

(4) Use of the procedure where tailwinds greater than 20 KTS exist on 
the upper segment is not permissible because such conditions 
require engine power settings below the immediate thrust response 
level, 

(5) Other environmental conditions do not appear to limit the use of 
the procedure in any way that they would not similarly limit the 
standard IIS procedure, 

(6) The procedure yields grotmd level noise reductions outward from 
about 2,5 miles from touchdown. 
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INTRODUCTION 


This appendix contains a basic operational description of how the two- 
segment system generates the two-segment profile and how it interfaces 
with the airplane navigational and guidance systems. 

The mofi.ns by which the system performs its computational fSonctions is 
contained in the Collins Radio Company System Technical Documentation, 








In addition to the terms defined in the Simulation Report, a number of other 
terms which will be frequently used in this appendix are defined or explained to 
assist the reader in understanding their operational function in the two-segment 
system. 

TERM: ■ DEFINITION/REIATSD IITORMATION 

” AMBER These are convenient "shorthand" terms which are derived 

” " GREEN from the color which the specific Approach Progress 

Annunciator will properly have at the point on the two- 
segment profile which is under discussion* 

. ' ■ ■ ■ , . 

The more important connotation, when used because of their 

.shorthand value in this appendix, is: 

(1) That a certain state or set of conditions exists at 
specific points along the profile and 

(2) The change from AMBER to GREEN indicates a proper and 
normal progression of system logic and 

( 3 ) The airplane flight path is conforming to the profile 
within prescribed tolerances. 

‘n-ie system ?ias been designed so that the pilot can interpret 
the Approach Progress Display in exactly the same way as he 
interprets it when using it for a standard II2« 
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DBFINITION/RELATa) I«FOttt>iATIOBI 
This ia the instantaneous value of the computed height of 
the airplane above the published toucMovn zone elevation 
(TDZ) of the approach runway, . 

It is important to recognize that the two-segment system 
computes the value of this term by using the following 
basic input relationship: 
h*(AFL) = PA* - TDZ* 

where PA = Airplane instantaneous baro-correoted 
pressure altitude (MSI.) 

TDZ = Published touchdown zone elevation appear- 
ing on the Airport Elevation Set lanel. 

The effects of errors in PA and/or TDZ are discussed at 
length in this appendix* 


This is the airplane*s Instantaneous line-of»sight distance 
from the CMS Transmitter which must be collocated at the 
ILS Glideslope Transmitter site* A valid EME input signal 
is required for systejm operation* 



iwo- SecnogNT PgQfiu. AnB ^CnuvnonJS 



®- UPPCft SCCMCMT 
® - K/fPtK SEfimewT C»Te«tt) 

®* uapm SccmeiiiT c/vmice Ptinr 
<S>' Cu»eiLo^9 Aum Pburr 
® * GtiocstoM CM^iuAe ^MT 
®- LOwEl INTCtSeCT Pbiftr 
®* SC6m&»T Ancle, 

®- AtCi^ft-r CbEVArrioN 


The eight key elements illustrated above define the approach profile 
and/or system logic check or AMBER- to-GKEEW switchover points* Each 
is briefly discussed in the following pages in order that their basic 
operational function may be better understood in the more detailed 
descriptions contained later in this appendix* 


(S upper segment 



The upper segment Is an infinite series of h*(AFL) and X*(DME) points. 
.l?acb point on the upper segment has an exact and tmique h* (AFL)/}C*DI>1E 
relationship for any given upper se^ent angle and lower intersect 

o 

point. The computer receives instantaneous baro-corrected pressure 
altitude and DME from the airplane systems. It compares the airplane's 
h'/X' with the h*/X* corresponding to the on-upper segment value* It 
interprets any differences between the two h/X relationships to deter- 
mine the airplane's Instantaneous deviation frotn upper segment. 

The upper segment (extended) is determined in the sane way as the upper 
segment. It is the rate at which the airplane's vertical distance from 
upper segment (extended ) Is changing that determines upper segment 
capture point. 



® UPPER SECmENT CAPTURf POINT 



The upper segment capture point is that point in the tvro-segiaent approach 
at which the pitch-over maneuver should commence in order to intercept 
the upper segment without overshooting* The two-segment computer 
calculates this point based on the rate at which the vertical deviation 
from upper segment (extended) (dh/dt) is changing. This rate is, in 
turn, a function- pf the ground speed at which the aircraft is approach- 
ing the upper segment* It is important to recognize that. this is a 
ground speed (based on the rate of change of DME) and thereby compen- 
sates for variations in both the airspeed and the wind components. 

Xf the two-segment system is arnied and valid and the Flight Director 
and/or Autopilot are in their respective' auto approach modes, the pitch 
commands to transition to upper segment will occur at this point, 
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This point wa3 estribllshed to insure that the Flight Director and/or 
Autopilot are not armed to capture glideslope until the aircraft (des- 
cending on upper segment) has crossed the null boundary between the 
first false lobe (a reverse sensing lobe) into the true II3 beam 
pnttern (proper sensing)* For a 2»5° glideslope, this point was set 
at *1,0 (D^^£), This is the point on the upper segment at which 

the Glideslope Annunciator (s) illuminate AI-IBER provided that the system 


is in upper segment GREEFi* 



G^Ptu fhlNTf 



The glideslope capture point la that point in the two-segment approach 
at which the pitch-up maneuver should commence in order to transition 
from upper segment to the ILS glideslope without overshooting (going . ^ 
below) glideslope center. The two-segment computer calculates i^his 
point as a function of the displacement from glideslope center and the 
rate at %dilch the aircraft is approaching center (-dy/dt). The. cal- 
culation using this rate therefore compensates for variable rates of 
descent resulting from airspeed and/or wind component differences. As 
with the upper segment capture maneuver, if the flight director and/or 
autopilot are in their respective auto approach modes hpper segment 
has been captured (upper segment GREEK), the pitch maneuver would be 
initiated at this point* At this point, the vertical deviation display 
on the HSI shifts from displaying deviation from upper segment to devi- 
ation from ILS glideslope for the remainder of the approach. The 
"Glideslope" Annunciators switch from AMBER to GREEN. • . 


@ LO>^R. IMTgRSCCT POIITT 



The lower intersect point is that point on the two-segment profile at 
which the upper segment intersects the glideslope center. This is 
a significant profile point because of the effect it has upon the 
altitude at which the aircraft is stabilized on XIS glidaslope, and 
the effect small variations in this point have upon the gro^lnd level 
noise footprint area. This point has been set at 690* (AFIi) for a 2.9 
glldeslope • This results in a no-wind glideslope capture point of 
approximately 1050* (AFL). 


The upper se^'inont angle is espressed in degrees above horizontal. 
For the 727 type aircraft, this was established at 6°. 
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The computer req'jires airport elevation ( *MSL) in order to establish 
the correct position of the upper segment in relation to the approach 
ininway. This is supplied (to the nearest 10*) when the crew sets the 
published touchdown zone elevation in the Airport Elevation Set Panel* 
The effects of an error In this input are discussed in detail later in 
this appendix* 


FAIL GLIDESLOFS CAFTURE PROTBOTORS (^SAFETY PROTECTORS*^) 


Ihe equr^pment design provides three essentially independent' features - 
for removing the flight director and autopilot guidance iii the event 
the system fails to capture the ILS glideslope at the glideslope 
capture point* Each is described briefly below* A more detailed 
discussion follows in a later section of this part: 

I. GLIDESLOIE D^/IATIOI\l PROTECTOR 



© Aircraft has passed through the false lobe and niai regions* 

At 5*0 N*M. lltE, aircraft will be in beam pattern of true ILS glide- 
slope for all glideslopes of 2.5® or greater. The 'two-segment 
system arms for glideslope capture (Approach Progress ’^Glideslope” 
Annunciator(a) illuminate amber). 


© At com};juted glideslope capture point, transition to glideslope 
should be comanded for flight director and/or autopilot (if in 
auto approach mode(s)). This point is nominally 1050 » (AFL)* 

@ Aircraft has passed through © without, commencing glideslope 
transition ^naneuver. At dot (37.5 micro-amns) above glideslooe 
center, =?^opilQt. will trip off and flight director command bars 
v/ill bias frOm view. Approach Progress Display AnnunciatorCs) will 
extinguish. 
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II. HEIQ2T 4B0VE HELD TRIP 

j'c* t ■ -■ I ■ ■ ■ ■ 



^Itu at lQT ^ a Aircraft is descending on upper se^ent, II£ glideslope 
has failed, or glidoslope deviation protector ( X above) has not 
activated for some unloiown reason. 

\ihen oiJ»crart descends to 500 * above the selected airport elevation » 
Autopilot vlll trip off and Flight Director Cowuid Bars will bias 
from vlw* 

gOTgV The effects upon this protector of an erroneous airport 
elevation (or baro^orrectlon) input are dlsc\ussed in 
detail later* 
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SlWatj .on; (Same as 3C above). 

Mien aircraft approaches within 1,8 N.M, DME without glideslope 
capture, autopilot trips off and flight director coTiunand bars bias 
from view* 

fJOTK: With correct airport elevation and baro-set inputs to the 

computer, the height above field and the rainimum S'-IE trips 
are at approximately the same point in space* The effects 
of erroneous inputs upon the relationship in space of these 
two trips is discussed in detail later. 
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COLLItC SIECIAL PURPOSE CCMFO?iENTS 

The Coliins components of the two-segment system consist of the 
following units t 

Two-Segment Computer 

Switching Unit 

Airport Elevation Set Panel 

Two-Segment Selector Switch (*'AHM-OFF“) 

The operatioma functions of these units is discussed below. The tech- 
nical description will be included in the equipment manufacturer's 
documentation and reports, 

1* The egiqen t C orgput er - This is the heart of the two-segment sys- 

tem. Given the upper segment angle and lower intersect altitude ^ it 
calculates the upper segment as a. function of altitude above 
field and UME distance to touchdown. This becomes the 
positional reference from which vertical deviations and vertical 
tracking cominojids are ultimately derived. Having established the 
upper segment in a specific spatial relationship to the co-located 
DME, the computer constantly compares the aircraft instantaneous 
position with the compiited upper segment in order to: 

(a) Determine .the point appropriate to the aircraft groundspeed 
at which the pitch-over maneuver should be initiated to 
intercept the upper segment. It similarly determines the 
proper point at which tho glideslopc capture maneuver should 
coiamence, 

(b) Supply the flight director and autopilot systems with devi- 
a.ti on. Information upon which they v/ill act (in their res- 
pective auto modes only) to correct back to or continue 
tracking upper segment or ILS glideslope as appropriate, 

(c) Monitor the aircraft position in relation to the upper segment 



in order to inhibit certain events or to continue the orderly 
prescribed sequence of events in the norml twp-^segmcait app- 
roach, An example of an inhibited event would be the pre- 
venting of upper segment capture if the computer determines 
that the aircraft is above the upper segment at the time the 
pilot selects the auto approach mode on the autopilot. An 
example of normal event sequence control would be inhibiting 
the flight director and/or autopilot from arming for glide- 
slope capture until the aircraft is on upper segment and has 
passed the glideslope arm point (5*0 N.M. and “UPPER SEGMEOT" 
GREEN), 

The computer continually performs certain self- tests and, through 
the switching unit, receives essential aircraft component validity 
signals as a prerequisite to initial arming and validation and as 
a con{31tlon for continuing normal operation throughout the approach. 
Failing an:/" of these, it displays the appropriate failure flag(s) 
and, if the iliight director and/or autopilot are utilizing’ the 
coiaputer output for .guidance, it will cause the flight director 
com.:nand bars to be biased from view and/or the autopilot to be 
disengaged. It monitors upper segment and glideslope capture and 
will remove the vertical guidance (bars from view and/or autopilot 
disconnect) under the fail capture conditions Just described,’ 

£hg- -§ 3 r£ lt *• The switching' unit logic was em^^lated in spyware 
in the simulat^p^^v The prototype unit consists pritiiarily of logic- 



controlled relays. Whenever the unit is, powered (selector in the 

coiaputer receives the essential aircraft computational and validity 
inputs through the unit, and the computed deviation outputs are 
supplied back to the flight director and autopilot pitch channels 
fo|* translation into appropriate pitch commands. The approach 
p 3 'o;:;ress ■ signals pass through this unit to control these annun- 
ciations in the two-segment mode. The computed vertical deviation 
from the reference segment is passed through this unit from the 
computer to the H3I vertical deviation display. 

The switching unit is powered only when the two-segment selector switch is 
in the "Arm'll” position. When it is not powered, no signal pro- 
cessing out to the autopilot, flight director or instruments and 
displays is done by the two-segment computer. It is as though 
the two-segment c mputer were not installed in the airplane* 

Tlie unit is designed so that if the two-segment system is turned 
off Or fails, all relays relax to restore normal aircraft system 

ca[Xibilitio3. 

Airport Ele vation Se t . Panel - The Airport Elevation Set Panel is 
shown bolow (approximately actual size). In the evaluation air- 
craft installation (single two-segment system), this panel was 
placed in the Captain’s forward pedestal panel displacing the 
ADF control head (jfl ADF removed). In a retrofit situation, 
if dual tuo-segment systems were required, this unit would pro- 
bably have to be rc-located to some point accessible to both the 
Captain and First Officer and would be modified internally to 
provide independent airport elevation inputs into each system. 




AIRPORT ELmknOH SET PANEL ; 

The arrows show which digits each of the three concentric knobs sets. 

The units digit does not move. Publi.shed touchdown zone elevation to 
the nearest 10* is set in the windows prior to commencing, the approach. 

In the example ^ shown above, the 5330* would be for an approach to 26L 
at DEW, published elevation of 5331* MSL, 

The earlier discussion of **upper segment" shoved that the iwp-segment 
computer defines the upper segment as an Infinite series .of height above 
field {* A. FL)/DI'1E points. The computer subtracts airport elevation (TD2i) 
from foaro-corrected aircraft pressure altitude in order to determine *AFL 
which is essential to positioning the upper segment in the proper spatial 
relationship to 'the co-located DME. Because it is the input- from the 
Airport Elevation Set I^nel which tells the computer what the TDZ 
elevation is, the mis-setting of this input has a. vital effect not 
only on the spatial position of the computed upper segment, but it 



aldo ereatea an operational anomaly which required equipment modifl 
cations described in detail later* 


The figure below lUustrateB the effect which the mls-setting of the 
Airport Elevation input to the computer has upon the position of the 
upper segment with respect to the real-vforld runways 




Situation Aircraft is proceeding inbound at 5000* bare corrected 
pressure altitiide for a two-segment approach to a runway 
with j^blished TDZ of 2000* (MSL), The airport elevation 
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Input is set correctly (2000*)* The upper segment is cor- 
rectly positioned in space with respect to the runway. As 
the. aircraft approaches position o, normal capture would 
occur and a normal approach would be completed. 

Situation 2; Aircraft is proceeding inbound as in Situation 1 above. 

Airport Elevation input to the computer is in error by 2000* 
(low). The effect of this mis-set error Is that the com- 
puter is being «told« that TDZ is 0*(M^L) instead of 2000* 
(MSL). The computer therefore "sees" the airplane app-. 
reaching at 5000* (AFL) (5000* pressure adt - 0*(MSL) in- 
stead of 3000* (AFL), which is the actual real-world sit- 
uation), Vftien the airplane reaches the IM) corresponding 
to 5000* AFL (position above), if the two-segment sys- 
tem is armed and valid and the flight director and/or auto- 
pilot are in their auto approach modes, the system will 
capture and track the mis-positioned upper segment* 

NOTE ; This error has two potential sources. : 

(1) Electro-mechanical malfunction in the Airport 
Elevation Set Panel. 

(2) Crew has entered incorrect TDZ in panel. 

Computer will accept any signal value. It cannot 

check this input for reasonableness. 
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This avitch vas added to the Captain *s inatrunent panel Imediately to 
the left of the Approach Progress Display* More specifically* it was 
to be at the same level as the **upper aegnent** annunciator uhich was 
added to the AH). 

When placed in the ”ARM** position* this avitch energizes the switching 
unit and thus inakea the two^segment computer outputs available to the 
autopilot and/or flight director when each is placed in its auto app- 
roach mode* It is important to understand the distinction that the 
outputs are only made available for use by the A/P and F/t)« lAitil 
and unless the auto mode Is selected* these units operate normally in 
any of their other modes. 






When placed in the "ABM** position l^y the pilot, it is solenoid-held in 
"ARM"* It will remain in "ARM" unless physically moved to the "OFF 
position by the pilot or unless the pilot selects "GO-ARGUND" ^ter 
the glideslope capture maneuver has been initiated by the system 
("GLIDESI.OfE" GREEW)* 

As presently designed, the switch is held in "ARM" even though the 
conditions might exist which cause the autopilot to trip and the flight 
director command bars to bias from view* This is necessary to supply 
certain warning flag power which woiild not be aTra-ilablo through the 
normal systems* I would drop to "OFF" if solenoid power were lost* 

The selector switch, remaining as It does in the "ARM" position, the 
autopilot and/or flight director can be reverted to any other mode than 
automatic (except manual G/S on autopilot) by the movement of the mode 
selector to the desired mode* However, to re-engage the auto modes, 
the pilot must first move the selector switch to the "OFF" position and 
back to "ABM" and thiM re-cycle the mode selectors back to auto* In 
this case, if all validity and logic requirements are not satisfied, the 
F/D command bars will bias from view and the autopilot will trip off, 

. AIRCRAFT COIFONENTS OF TPIE SYSTEM 
Only those aircraft components which contribute a comimtational or 
validity input to' the two-segioent computer are technically part of the 
system as such. The HSI, flight director, autopilot and Approach 
Progress Display are users of the system output and their presence or 
absence as users does not affect the computational capability of the system. 

With this in mind, very few of the basic aircraft components are part 
of the two-segment system (as defined). Aside from power derived from 
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various aircraft electrical buses and some added circuit breakers, only 
the following aircraft components are parts of the system: 

(1) Al tjjaeter/CADC => Baro-corrected pressure altitude is an essential 
input to the computer for detemining aircraft instantaneous *AFL 
(baro^corrected pressure altitude minus TDZ Principally 

because of the program tiss constraints j, the installation evaluated 
in this program involved the use of a special electric altimeter which 
was capable of converting baro'-corrected pressure altitude to a d-c 
signal 0 This signal was then fed to the Airport Elevation Set Panel 
which subtracted out the TDZ elevation and passed the resultant to the 
computer as a *AFL d-c signals. This was a third altimeter which had to be 
set prior to commencing the approach if the upper segment were to be properly 
positioned with respect to th® runway o Such a solution to the pro- 
blem would not ba acceptable in an iMxtstry retrofit situation# In 
United Air Line’s judgment ^ th® Collins computer should be modi- 
fied to accept existing ARINC fin®-coars <3 synchro Inputs from the 
CADC rather than forcing the industry to backfit its altimetiy to 
provide the kind of input utilized in th® prototype installation# 

Aside from the very considerable costs iavolvsdj, the proneness to 
failure or to unreliable output of the potentiometer would make 
its us© in a certified system less advisable p ©specially in view 
6f the effect upon th© upper se^ent position if th® input signal 
is in substantial error.. 


(2) ■” The two-sagBient system ca 2 iaot 

function without a DME input to 


a computational 
o It contributes the 




CME half of the *AEL/IME upper segment corabination and the atten- 
dant deviation computations for intercepting and tracking upper 
segment. It is further esaantial that this IME be co-located with 
the IIQ glideslope transmitter. The effect of DME error upon 
upper segment position and related factors is shown In MJ (ground) 
In the next section 

Certain discrete DME values are involved in normal system sequen- 
cing and fail capture protection, l/ocallzor gain prograiaming is 
also a function of a discrete DME value: 

(a) 5*0 DME - Glideslope Arm and Localizer gain programming, 

(b) 1,8 DME - Minimum Protector trip, 

(c) Glideslope Capture (onward) - Glideslope |ain programming based 
on DME instead of time. 

(3) VHP MV Receiver - The system requires glideslope valid for glide- 
slope transition. The receiver input (G/S section) is essential 
for glideslope tracking, 

NOTE: The system will capture and track an upper segment without 

a glideslope present. If, however, the aircraft descends on 
upper segment and glideslope valid input Is not present at glideslope 
point ("Glideslope "AMBER), the system will trip the A/P and F/D, 
GROUND EQUIPMENT CO'IPOMENTS OF THE SYSTEt4 
In order to execute a two-segment approach, the system must have a DME 

i . 

co-located at the glideslope transmitter site and a glideslope to 
complete the approach. The lack of an operative localizer does not. 



affect the o|:«ration of th© s^retem in any vray® Th© system does no 
roll channel processing or modification except to trigger localizer 
gain programming at 5&0 0ME instead of at th© 1500® EAOALT trip* 

(l) The geometry of a given approach is aff@ct®d by DMS error sine© a 
principal determinant of the computed upper segment is DMB dis- 
tance from touchdown o Th© ©ff©ct of I£^2S error is illustrated in 
the figure below g 





!^ot only does a 1000 ® error as shown above mov© the lower inter- 
sect point (intersection of coMput(sd upper segment and glldeslope) 
toward or away from the touchdown poirit by 1000 ®p but it also raises 
or lowers that intersection by about 50®/lC00® of errors It was 
seen in the report that a change of about 100® in the height of 
this intersection makes a difference in ground level noise of 
about 2 PMdb during the upper segment portion of the two-segment 
approach 0 The X® shown above for the 6^3^ profile is about 8,000®* 


(2) II£ GlidQalope - The two-segment approach cannot he completed 
without an ILS glideslope* The fail glideslope capture pro- 
tectors discussed earlier showed that failure to transition from 
the upper segment to the IIS glideslope will trip the system and 
remove autopilot and flight director guidance. The upper segment 
can be computed and flown down to "Glideslope” AMBER without a glide- 
slope present and without the requirement that the localizer be captured, 

(3) Locqllzer - This is not a pre-requisite to upper segment tracking. 

It Is, however, an operational prerequisite to completing the 3X3 
portion of the approach, 

AIRCRAFT INTERFACE 

ITo attempt will be made to describe the technical details \of the two- 

segment/alrcraft interface. The general operational philosophy which 

Influenced the equlpnent and interface design is : 

(1) VIhen the two-segment equipment is not being used by the pilot for 
the purpose of making a two-segment approach (two-segment selector 
switch ”OFF^*), all of the normal flight control. Instrument and 
navigational systems operate in exactly the same manner as they 
would if the two-segment equipment were not installed* 

(2) When the twq-segment system is in use, it serves only as a pro- 
cessor and supplier of vertical deviation information for normal 
use by the flight director and autopilot pitch channels in the 
same manner that these systems utilize glideslope deviation 
information when these systems are in their respective auto modes. 

It modifies no normal system logic or functions except that in the 



two~segm©nt mod©^ it Ml gain programs the 3XS glideslope input 
and inhibits localizer gain programming until the glideslope 
capture point, of th© gain programming provisions (G/S 

or LOG) in the aircraft equipment is altered xjhen the two-segment 
system is not in us®, 

(3) Reversion to the normal aircraft mvigatioml and guidance systems 
is accomplished as previously described in reversionary mode sel- 
ection or by the movement of the two-«segment switch to the ^*OFF‘’ 
position (manually or by selection of ”GO«=AROUND" after ”G/S*' GREBifl’)^ 

(4) Lack of any system validity or logic required for proper guidance will 

preclude arming the system^ or if any validity is lost or system logic 
is not proper whil© th© system is in us®y it will disengage the 
autopilot and/or bias the command bars vlswo It cannot b© 

re-engaged without spaelfic overt actions on th® part of the pilot* 

(5) The system makes us® of all ©gristing warning systems* Thefre are no 
additional warning lights or audibl@s iwolved 
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OPERATIONAL DESCRIPTIC^ OF THE nP-SEGMENT SYSTEM 

General 
Upper Segment 

Upper Segment Capture Point 
Glidealope Arm Point 
Glideslope Capture Point 
Lover: Intersect Point 
Fail Capture Protection 

Flight Path Deviation and Tracking Commands 





GE1\?ERAL OPERATIONAL DESCRIPTION OF THIS TWCUSSGHSNT SYSTEM 

This Goction will expand upon the design and logic concepts of 
the various elements in the two-segment profile discussed 
earlier o It will not go into the technical design of the 
Collins hardware. It will provide a further understanding of the 
operational concepts which influenced the methods used in the 
profile and procedures development tasks described in the 
main report o • 
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PROJECT PILOT Snyder - Monte ith 


DATE 11/6/72 


ATTN 


SIM 0 AC# Q B727 ^ DC-8 D APPROACH 
:©R. HOURS DAY O D DUSK □ 


;'AIRPORT/RUmY. 

COMMBJfTS: 


i 1* Testing was conducted on the uppe^segment intercept alt, 

U/S angle and speed schedule 5 ,..-^he alt range was from 1500* 
to 8000*. The angle varted^from 4© to 8°* The upper 
capture point was^-lntained at a setting of 400. The Iwr 
, Capture point^vas at 330 for angles of 6® and greater, and 
varied btwn-'250 and 200 for the 4^ and 5® angles, 
f 2, Coj^iguratlon scheduling was to fly inbound to the upper 
^capture point with 0® flaps, gear up and 200 KTS. At 
Capture, thrust was reduced to idle and flap extension 
begun, continuing to 30° as rapidly as leading edge devices 
permitted. Only one approach was flown at 40° {for a noise 
comparison trace), the balance being 30° Vref+15 on the 
upper segment and 30^ Vref+5 on G/S* 

3. U/S intercept altitudes below 3000^ do not offer aaadecpiate 
reduction in noise levels from current procedures. Intercepi 
altitudes above 3000* pose no problems by themselves, an d 
will be further explored to achieve maximum noise reduction 
and remain compatible with ATC-^ procedures* 

4* U/S angles above 6° do not ^pear practical due to large 
thrust, pitch, and trim changes required during transition 
to G/S. 

5* The tested configuration scheduling does not demonstrate 
itself to be operationally sound. Idle thrust, although 
yielding maximum noise reduction for a given angle, presents 
problems in spool up time and oroper lead. On the '8° U/S 
angle with a 8000* intercept alt, using the tested 
configiiration scheduling, the throttles were in idle from 
^N^capture to 650* . 

6. It^^^pears that the proper U/S angle, for all considerations 
testbd^;^^ date, lies .between 5® and 6°. Secondly, when using 
an U/S intersect alt of 3000’ to 4000*, the 0^ flap intercept! 



is impractical in that the thrust is minimal to low alt 
with greatly tapering airspeed, even during the G/S 
transition, as was the case in the higher angle U/Ss* 
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TliE UPPER SEGMENT 


The upper segment is a computed path in space, based on an infinite 
series of *AKL/ ^DMB ccsmbinatlons , In Figure 1 below, the *AFL-DI'® 
combination is unique to that particular upper segment point* If the 
system is armed and valid, as the aircraft is at h 2 , if the DME is 
other than X 2 , the computer calcuJUites a deviation from upper segment 
and displays this deviation on the HSI and makes it available to the 
flight director and/or autopilot (in auto modes)* Similarly, if the 
aircraft when passing is not at h2, a deviation display and 
appropriate corrective output to the flight director and/or autopilot 
will occur* 
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Several facts regarding upper segment definition become obvious from 

Figure 1: 

(1) li* ^2 varies while aid h2 remain constants, the upper segment 
angle will vary* 

(2) If Xi and X2 vary equally (and h2 remina eonstant)^ the upper 
segment angle remains fixed but the segment moves toward or away 
from the touchdown zone* 

(3) If* h2 varies and X2 and Xi remain constant, the computed upper 
segment angle will vary. 

(4) In any of the above cases, the height above TD2 elevation at 
which the calculated upper segment intersects the glldeslope 
("lower intersect altitude") will vary, 

NOTE: It should be understood that the values of X2 and h2 shown 

above are Instantaneous incremental values %Aiich eorrespoid to 
only one of an infinite number of X-h values by which the two- 
segment counter defines the upper segment* 


The special altimeter baro-corrected d-c input furnished the aircraft 
altitude in feet (KSL) to the Airport Elevation Set Panel which, sub- 
tracts out TDZ elevation (M3L) to the nearest 10 » and inputs *AFL into 
the computer. The effects upon the actual position of the upper 
segment (in relation to the real-world runway) as a result of an 
erroneous signal input to the computer as the result of errors in 
either TDZ or altimeter baro-correction are shown in the following 
illustrations 
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UPPER SEGMENT CAPTURE POINT 


UPPER SEGMENT CAPTURE POINT 


This is the point before the aircraft- reaches the computed upper seg- 
ment (from beneath) at which the pitch-over command must be initiated 
in order to transition the aircraft from its initial approach 
flight path on to the upper segment. The two-segment 
computer accomplishes the transition maneuver in a fired number of 
seconds regardless of the speed at which the aircraft is approaching 
the upper segment* 

Some‘ 'important operational considerations are related to this profile 
partimeter: 

( 1 ) To bo operationally viable, the two-segment system must be capable 
of transitioning the aircraft on to upper segment at any speed 
within operationally reasonable airspeed (groundspeed) limits* 

In the real-world ATC environment, the controller may require the 
pilot to maintain any of a number of airspeeds to (and perhaps 
af'ber) tno upper segrtient capture point, depending on the existing 
traffic situation in the arrival area. 

(2) Tlie transition must not induce any appreciable physiological 
sensation in the passenger cabin, particularly as regards g- force 
sensations* 

(3) The transition must bo initiated at the precise point appro- 
priate to the existing conditions so that there is no overshoot 
of the upper segment. 
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(4) Failure of the two-segment system to initiate the transition at 
this point (or failure on the part of the pilot to eonfig\ire the 
autopilot in the auto approach mode prior to this point) prevents 
the autopilot from capturing upper segment except Igr re-cycling 
the mode selector and descending below upper segment for capture 
frean below. The flight director will furnish late capture co^ 

mands up to the point at which the aircraft flies through upper 

o 

segment. 

The method by which two-segment computer determines upper segment 
capture point is beyond the technical scope of this report* The general 
methodology Is, however, important in understanding the simulator pro- 
gramming rationale and in appreciating the Importance of this point in 
the development of an operationally acceptable transition to upper 
segment* 

This point on the profile is not a fixed point. Since transition time 
is a constant, the point at which the pitch-over command must be init- 
iated is necessarily a variable which is a function of the rate at 
which the aircraft is approaching the upper segment* 
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2 *• IfffER S ECMiyr CAPTU RE POINT AS A FtJNCTTON 
PIRATE OF, APPROACH TO" UPPER SR^NT" T — ~ 


It can be seen that for a constant transition tine, the point at 'which 
the transition maneuver must ccnmence varies as a function of the rate 
at which the aircraft is closing on the upper segment. The Vj and Vg 
shown in Figure 1 are groundspeeds since the computer must correct 

for the wind as well as the airspeed component. 


Since the pitch guidance commands for tracking or correcting to upper 
segment are derived from a comparison of the instantaneous vertical 
position of the aircraft with respect to the computed upper segment, the 
computer uses the rate at which this jgrtlcal deviation la changing to 

compute an upper segment capture point which Is proper for that Instan- 
taneous vertical closure rate. 
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FIGORE 2 UPPER SEGMSMT CAPTURE POINT - CCMPUTATIC^ BASIS 

From Figure 2, it can be seen that if the aircraft is approaching upper 
segment in the first case at V2 and the second case at (idicre V2 > Vi) 
the rate at which A h2 (dh2/dt) is changing is higher than the rate at 
which (dhj/dt) is changing* Since the time to complete both man- 
euvers is the same, it is logical that the pitch-over comnand must be 
initiated at some greater value of Ah for V2 than for thof A h which 
is appropriate to the slower V^* 

The two-segment system is designed to compute the upper segment capture 
point for any reasonable value of dh/dt* Chjo development task (dis- 
cussed in the main report was to es tablish a value of A h which re- 
sulted in a proper transition to upper segment for a fixed value of V* 

It was seen that the Project Team developed a narrow band of 
transition times which were then used in conjunction with a fixed air- 



speed (groundspeed) to derive the h value corresponding to those 
conditions* The simulator software (and associated hardware) were 
provided so that h could be varied by the Project Team between the 
limits of 100* and 600 * in 100-foot increments* 







GLIDESLOPS ARM POINT 



GLIDESLOfS ARM FOIiCT 

The earlier discussion of glldeslope arm point describes the basic 
reasons for establishing it. The earlier illustration is, however, 
misleading in that it implies a much, greater divergence between the 
null and the 6® upper segment than actually exists* 

The illustration below still exaggerates the divergence relationships j 
however, it will better illustrate and explain the problem associated 
with the presence of this null in the vicinity of a certain portion of 
the upper segment In the 2*5° glldeslope/ 5^ null/7.5^ first lobe sit- 
uation (upon which the illustration is based)* 




The null is theoretically a zero signal bouundary. In practice there is 
usually some signal noise? hovever, it is at a low enough level that 
the two-segment computer interprets the boundary and its iramediate 
environs as a zero deviation signal (on course). If the system anned 
for capture in this near-coincidence regime, capture could be Instan- 
taneous and on the 5° null. The aircraft might continue to track 
this null. Vhat is more likely, however, is that it might start some 
unexpected (and perhaps violent) correction, either to the true ILS 
glideslope or respond to the reverse sensing of the first false lobe. 

The illustration opposite shows that at 5.0 N.M. DME the 6° upper 
segment has crossed the null boundary into the true IIS glideslope 
beam pattern. Since actual capture ("Glideslope” GHEEN) occurs 
considerably later on upper segment, it was considered safe to arm 
the Flight Director and/or Autopilot for capttire at this point in 
order to indicate to the pilot that a valid glideslope was present 
and to arm the fail glideslope protector well outside of the 37.5 
micro-amps trip regime. 





GLIDESLOPS CAPTOHS POIMT 


This Is ths point- at which the pitch*«up Bsaneuver Must be initiated 
in order to transition the aircraft flight path smoothly from upper 
segment to ILS glideslope* This is not a fixed point. Like upper 
segment .capture point, there is on© and only on© point which is 
exactly appropriate to the izistantaneous rat© at ^ich the aircraft 
is approaching ILS glideslope from above o Since this rate can be 
expected to vary from approach to approach, this point will also vary* 

There are important operational and safety considerations associated 
with the accurate determination of this point: 

(1) The two-segment system must be capable of determining this point 
over a reasonable range of conditions. This range is logically 
much narrower than that which might be encountered in the approach 
speeds to upper segment capturei however, the accuracy with which 
this point is determined is more critical than any other point in 
the earlier portions of the approach. ' 

(2) The physiological constraints applicable to upper segment transit- 
ion also apply to the glideslope transition. . 

( 3 ) The system must compute the precise point at which the transit- 
ion is initiated for the Instantaneous conditions In order that the 
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aircraft is on glideslope center at 500^ (AGL) with no permissible 
overshoot (below glideslope). (A UAL-established operational 
requirement for the evaluation). 

U) The protective features to guard against failure to commence 
transition at this point were discussed earlier o The 
further discussion of these features will point up the additional 
safety constraints and precision requirements associated with 
this point* 

The method by which the two~ segment system determines the exact point 
for any given set of conditions is beyond the technical scope of this 
report. An explanation of the basic concepts will, however, be useful 
in understanding the fail-capture protection features. It will also 
help to explain the simulator programming rationale as well as the 
methods used In the development tasks related, ta the glideslope tran- 
sition portion of the profile. 

As previously explained in the discussion of false lobe capture 
protection, the system is not armed for glideslope capture until the 
aircraft is inside of the 5«0 N,M, IME range* In Figure 1 below, 
the aircraft has passed the glideslope arm point and is descending 
on upper segment tov/ard glideslope capture point in both cases shown;. 
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FIGURE 1 - GLIDESLOIS CAPTURE POIMT ^ 

AS FDE^TIQN GF APPROACH SHIED . 


In the two cases above, it can be seen that with a constant transition 
time and with both transitions terminating at th© 5OO® (AGIi) point on 
the glideslope, if V2 is greater than the transition must commence 
earlier for the higher speed V2 than for Vx since the pi^sical length 
of the V2 transition path (V‘2t) is greater than the Vx path (Vit). 

Since the upper segment is not a radiated beam, it was necessary to 
compute upper segment capture point by comparing the instantaneous 
position of the aircraft with th© computed upper segment and initiating 
the pitch-over maneuver at some ^ below the upper segment which is 
appropriate to the rate at which /Ssh is changing (dh/dt)* 






The IL5 glideslope is, however, a radiated beam» For the sake of added 
accuracy, as well as for using the auto approach guidance already built 
into the autopilot and flight director systems, it was logical that the 
glideslope capture point be determined by the rate at which the aircraft 
is approaching glideslope center o 

In figure 2 below, V2 and Vj represent linear velocities along the 
upper segment. V 2 is greater than Vi. The rate of change of -dy^/dt 
is therefore higher than for Vi («dy^dt)« Since transition time is a 
constant, and since both transitions terminate at Sto* 
on the ILS glideslope, the transition initiation point for V 2 must be 
higher above glideslope beam center than for the V\ capture point: 
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riGOHE 2 - GLIDESLOg CAPIORE POIMT AS A FCMCTIOH OF 







The simulator program provided a means by which the Project Team could 
vary glideslope capture point by setting different values in feet 
above glideslope center* 



FIGURE 3 ^ SIMUUTOR PROGRAM PR- OVISION FOR VARYING 
GLIDESLOHS GAPI^URE POINT . 

It can be seen in Figure 3 that the method used in the simulator for 
setting this point is technically different from the actual method by 
which the two-segment computer sets this point for a given linear 
velocity along upper segment* The development task of optimizing this 
lower transition, however, cotild be Just as well and much more reddily 
accomplished in simulation by the use of a settable height above glide- 
slopje center* 






This is the point at \«rtiich the computed upper segment intersects the 
giideslope* Determination of* its optimum value was vejry impor- 
tant because of the interdependence between this point and glideslope 
capture point and ofi-glideslope point. 
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It is apparent from Figure 1 that variations in lower intersect altitude 
directly affect the altitude of the glideelope capture point and the 
. distance from touchdown at which the aircraft is on glideslope (linear 
velocity on upper segment^ upper segment angle and transition time 
identical in both cases shown) o 

In the discussion of glideslope capture point, the. UAL operational criterion 
•that the on-glideslope point should be 500* (i^FL) or above logically dictates 
that this point must be at some height above touchdown zone elevation 
greater than 500 \ The develoiMsnt method tised for optimizing this 
point is discussed in the main report. 

The significance of this point upon ground level noise is considerable# 

The effects are discussed in detail in the main body of this report* 



FAIL CAPTURE PROTECTION 
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Fail Capture Protection - General 


Several important protective features have been designed into the two- 
segment system* A failure will manifest itself to the crew in an 
explicit and overt manner* The conventional system component failure 
flags which appear on the instrment displays continue in use in the 
two-segment system. In addition, if the flight director and/or autopilot 
are providing flight guidance, and if a system component vital to that 
guidance fails or if any validity parameter vital to the two-segment 
system logic is not correct, the autopilot and/or flight director 
guidance is immediately removed and the approach progress annunciations 
are extinguished to alert the pilot to take alternative action appro- 
priate to the conditions that exist at that timQ& 

For technical design reasons relating to electrical power dependencies 

for validity failure inimts, the two- segment arm switch remains in the 

”2-SEG AHM” position (solenoid-held) in the event of a system failure. 

The flight director and/or autopilot do not therefore automatically 

revert to the conventional operating logic. Reversion is accomplished 

by manually selecting the desired reversionary mode or by moving the 
"2-bEG” switch to the "OFF” position. 

If the pilot selects "GO-AROUND” after glideslope capture point, the 
”2-3EG” switch drops out of the ”ARM” position automatically, 

A ”GO-.‘AROUWD** selection prior to this point will trip the autopilot, but 
will not drop the switch out of ”ARK”, 


X-535. 

j 


It has been stated earlier that one of the operational criteria in the 

system design is that the trmsition to upper segment must be accomp-. 

lished with no overshoot# This constraint was Included to prevent a 

situation in which the aircraft has passed upper segment capture point, 

and then the system is armed (or becomes armed) for capture# Having 

passed the capture point appropriate to the Instantaneous conditions, 

an overshoot would be inevitable if a transition were coinmenced at 

that time* At the end of transition the . system would then 

command a larger nose down attitude in order to correct back down on 

to upper segment. A steeper hose down position than that necessary to track 

upper segment was considered operationally unacceptable at least In 

the present state of developnent of the equlp^nt and in light of the 

general pilot comiaunity apprehension about the approximately 1500*/mln* rates 

of descent and lower engine power settings involved in normal upper segment 
tracking. 

The fail upper capture protection therefore involves the following: 

(a) The absence of any essential input from the aircraft aavaids and/ 

or flight guidance systems, or the failure of any validity check which 
the two-segment system makes will prevent the arming of the system for 
upper segment capture* In such a case, the switch will not 

hold in the "ARM" position and the "UPPER SEGMENT" approach progress 
annunciator(s) will not illtminate amber. If the problem stem® from 
an inoperative navdid, the appropriate flag(s) will be displayed on 
the instrument (s). 

(b) Failure on the part of the pilot to COTifigure the system properly 

■ Ji-sr 



prior to reaching the computed upper segment capture point will 
preclude the autopilot from attempting upper segment capture. If 
the flight director is properly configured at some point after capture 
point but before passing through upper segment ^ flight director commands 

for a late capttire will be gp^mo 

(c) Ab presently designed, if the system has been properly configured 
and if, for any reason^ the system fails to Initiate the capture maneirrer 
properly, the upper segment annunciator (s) remain amber j and the air- 
craft would remain on its current flight path until the pilot took 
alternative action. 

(d) Because of the complexity of differentiation logic between 
having flown through the upper segment without capture and the 
situation in which all the necessary inputs and validity chocks are 
proper but the aircraft position is above upper segment at the time 
the two-segment configuration is completed, the system would perform 
as stated in (c) above in this case. As presently designed, the pilot 
could not capture upper segment until and unless he maneuvers the air- 
craft from the point above upper segment to some point beneath it and 
re-cycles the “2-seg" switch and appropriate mode selector (s). The 
figures below illustrate the fail upper segment capture situations 
described above: 
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1* Two-segment switch in •ABM”. NAV receiver tuned to ILS* Glide- 
slope receiver section inoperative. 

2m F/D and A/p selected to auto approach mode. 

3. "Upper Sepent” annunciator (s) illuminate amber. Aircraft con- 
tinues inbound. Captures upper segment, descends to glideslope 
arm point. System trips off at 5.0 DME due to lack of glideslope 



1. All system validity checks and navaid inputs proper* Two-segment 
switch in «ARM«; flight director in "AUT0”| Autopilot ”0PF«. 


2. Flighty director ” Upper Segment” annunciator green. Command bars 
are cp&anding pitch-over. Autopilot ”Upper Segment” annunciator 
not illuminated. - . .. 




3, Autopilot mode selector placed to "AUTO G/S”, If placed in "AUTO 
G/S" after passing “Upper Segment" GBBEHp it vould not attempt 
capture but would maintain current flig]^t path, 

CASE 35 TWOoSEGMENT SYSTEM CONFIGURED HITH AIRCRAFT ABOVE UPPER 
SECa^T. 



!• All system validity checks and navaid inputs proper. Aircraft 
has passed (or is physically above) upper segment. Pilot con- 
figures for two-segment approach (II^ tuned, 2-SJEG switch to 
F/D and/or autopilot to respective auto mode,) 

2, System properly configured; F/D and A/P "UPPER SBC^ENT" annunciators 
amber • 

3. System will remain in this state until the aircraft is below 
upper segment (extended). Thereafter, if the aircraft oasses 
through the .’AFL/UMB combination, which is proper for upper 
segment capture point under those conditions, the system would 
capture upper segment. 


A potentially important anomaly exists with the present system design. 
The system does not require localizer capture as a pre-requisite to 
upper segment capture. If the system is armed as described in this case, 
the system behaviours for upper segment capture are illustrated in 
Figures 1 and 2 below: 






FiaUHE 1 - UPPER SEGMENT CAPTURE AS FUNCTION OF HEIGHT A 
f»AFL) AND DME 




‘ Ali inputs valid. Pilot is aaintaining an altitude of Hi' 

(Aft). With the two-segment system armed and valid, when 
the aircraft reaches the ^’UPIPER SEC^'lENT** annunciators 
would go GREEN and the F/B and A/P would command a pitch- 
over maneuver to track the upper segment on the 
path shownT^ Local iaer capture would be completed at some 
point in upper segment descent® 

Fig\ire 2 illustrates a similiar phenomenon which is admittedly quite 
hypothetical but is described here to illustrate the principles in- 
volved in upper segment computation and vertical guidance indepaident 
of localizer capture. 

In the case illustrated, the aircraft is transiting the area at Kg' 
(API) proceeding to the initial approach fix shown. The pilot con- 
figures for a two-segment approach. All required inputs are valid. 
The F/B and a/P are placed Into their respective auto approach modes. 

As presently designed, when the aircraft reaches CPp, the "UPPER SEG- 
MENT" annunciators would go GREEN and the F/D and A/P would descend 
the aircraft from CP2 to CPA and then climb the aircraft out on a 
symmetrical pattern from CPA as shown. It ^ould be remembered that 
this discounts the fact that the crew wotild not permit the aircraft 
to follow this path since their knowledge of the navigational position 
would tell them that an Inadvertent capture and descent h ad occurred 
at CP2* 
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3. Zail_JIlldeslQPej;jaj?tAir^^ Prote^tioa.- ==> Th6 safety and pilot accept 
tance implications of failure to initiate transition from upper segment 
to ILS glideslope resulted in three essentially Independent fail 
glideslope capture protectors: 


(a) _Gl_lde 3 lope Pevlatloa ?rotec ti on - The glideslope arm point and 
glideslope captiire point logic have been discussed earlier in 
this report* Assuming that there is no mis-posltioning; of the 
upper segment due to erroneous inputs or system mismanagement, 
the glideslope deviation protector is the first of the three 



that should be activated in the event the tranaitlon maneuver 
has not commenced at glideslope capture point* This protector 
is illustrated in Figure 3 below} 



FIGURE 3 ~ GLIflESLQg; DEVIATION PROTECTOR FAIL GLIDESLOPE CAPTURE 

As shown earlier, the glideslope capture point is determined by the 
computer at some value above glideslope center (Y Micro-amps). If the 
aircraft passes this point Vi’S! out commencing the glideslope transition 
maneuver (’’Glideslope” GREElJf), the system Is designed to trip the 
autopilot and bias the command bars from view at Micro-amjJS' = ^ 
dot = 37.5 Micro-amps. 

H.eii^h.t.. Above Fxeld Trip =- li* for any reason the glidesbpe devia- 
tion trip protector described above fails to function,, a second 
Independent protective device has been designed into the equipment. 
It will trip the autopilot and bias the command bars, from" 
view if the aircraft has not commenced the glideslope transition 
maneuver by the time the aircraft has descended to 500’ above 




the field elevation which is set 'in the airport elevation set panel: 



It can be seen from Figure 4 above that this protector is keyed to a 
fixed number of feet above whatever field elevation is set in the airport 
elevation set panel e In the elevation mis-set high case shown, the system 
would trip unless the glideslope capture maneuver had already commenced 
before reaching 500 ' , 


The mls-set low case has the effect of moving the height trip below 
the normal trip altitude by the number of feet that the airport elev- 
ation is mis-set low® In the extreme case shown (mis-aet h ' low) 


it is readily apparent that this is not a viable protector In the ease 


illustrated above* 
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The third independoat fail eaptixre protector is keyed to a 

f laced ME dioiasieeo 'tf the two proteetcS’s described above had 
failed 5 th@ sysiesi woiiM trip th© autopilot and bias the coimnand 
■fears frcarii '^iew whan th© aircraft reached thl© mlnisaian DME dis- 
tancQ fro® touehd0?i?iio As preeieiitly da'^i^ed^ the mininrum DME is 
set to be -^©ry ©los© to'th© distant© corresponding to 500* A5I» 
for a 2o9° glidsBlep® (lo8 m),o 

X 



FIGURE 5 = MINIMUM ME TRIP ^ MLUDIHG IMCT OF MIS=.SETTING AIRPORT 
ELEVATION ji lGH OR LO i. 


It can be aeen from Figure 5 that the nomial trip would occ\ir at 
approximately the same point in the profile as the height above field 
trip. 

It should be noted in the mis«set low case shown that the mis-setting 
of airport elevation to some value less than the baro-corrected elev- 
ation of the field to which the actual approach is being made has the 
effect of mis^positioning the computed upper segment in space. In the 
extreme case shown, it can be seen that this protector (as well as 
the height above field protector) would not protect against failure of 
the glideslope deviation protector discussed in (l) above. For this 
reason, the prototype design was modified in the manner described in the 
following section, 

Mis-setting the airport elevation higher than the baro-oorrected field 

elevation mis-positions the computed upper segment as sho\m above. It 

can be seen in this case that if the aircraft were tracking this upper 

segment, the system would be tripped at minimum DME.or at height above 

field (mis-aet high) at some point before the aircraft reached the 

glideslope deviation limits (37,5 Micro-amps) set to activate the deviation trip 

In examining this figure, it should be kept in mind that the angles, 
distances, etc,, are greatly exaggerated for clarity and that the 
mis-set cases are representative of airport elevation miS-sets of the 
magnitude of ± 3000^, 

It must also be kept in mind that the term mis-set does not necessarily 
imply that the crew has rais-set (or failed to: i“©-set) airport elevation 



prior to comencintg m approaeho This phenomenon wild bccur in a case 
where the C 3 ?ew had set the airport elevation panel properly but the 
value of the input signal to tiie two-segment computer was In error by 
some amoxmt due to a mechanical or electrical fault in the systanio 

Fail G lldeslops Capture Pro tection Modification 

Analysis of test results i-fith the prototype installation led to the 
discovery that the three safety protectors described above would not 
cope Tfd.th all potential airport elevation (and/or altimeter mis-set) 
cases© 

In review, the glldeslope arm point ms incorporated to protect against 
arming the flight director and/or autopilot for glldeslope capture until 
the aircraft (descending on upper segjsant) has passed the null boundary 
eaid is in the true ILS glldeslope beam pattern o As originally designed, 
this was accomplished by preventing th© system from '^looking for” the 
ILS glldeslope until passing this point© This feature served the purpose 
for which it was intended© Because the system did not ”look for” an 
ILS glldeslope in the first false lobe regime (which is always well out- 
side of 5®0 W©Mo the autopilot and/or flight director, which would 

normally attempt capture (in auto modes) x^er® not armed at this point, 
and the aircraft therefore passed through this false lobe area without 
the autopilot and/or flight director attempting false lobe capture. 

The fact that the system was conditioned not to test for the presence 
of a glldeslope outside of the 5o0 NoM© SHS meant, however, that there 
were cases in which an erron®o'us airport elevation or baro-correction 



input to the computer would mis-poaition the upper segment with respect 
to the real-world runway and IM such that in an extreme case, none of 
the three fall glideslope oapttire protectors would perform its function 
properly. Figure 6 below illustrates a serious airport elevation (low)/ 
altimeter correction (high) case and the effect upon these protectors? 
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FIGURE 6 - EF^T UPON FAIL GLIDESLOFE CAPTURE PROTECTORS OF AIRPORT 

MiVATiON KIS.SET LOW (aLTBIETER BAR0a)0^lEGTTQ¥~ HIGH 


Situati^: (a) At position , aircraft is approaching a field at 

3000*(AFL)o Pilot is intending to make a two— segment 
approach* At this point, the pilot arms the two-segmeit system 
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and selects th© auto modes on the flight director and 
autopilot. Sj'stem is valid. ® UPPER SEGMEOT” AMBER. 

(h) He has set his altimeter to the reported field baro- 
metric and has set the published TDZ elevation for 
th© runway on the airport elevation set panel e 

(c) The airport elevation panel signal value output to the 
computer is 3000' in error due to an electrical fault 
In its circuitry. The pilot is not aware of this, and 
the computer cannot check it for reasonableness. So 
long as a signal of some value is present, it will 
accept this signal as correct, and interpret it accord- 
ingly o In the Case shown above, the airport elevation 
panel is "telling” th© computer that TDZ elevation is 
3000' lox^rer (l^L) than it actually is. 

(d) Using this input, it applies TBZ (as received from the 
panel) to th© aircraft baro-corrected pressure altitude* 
As a result, it "sees” the aircraft approaching at 6000' 
(AFL) (3000' AFL actual + 3000' error). It calculates 
the upper terminus of the upper segment as 6000 'AFL? Xi 
MS. It can be seen, however, that the calculated 
upper segment is seriously mis-positioned with respect 
to the real-world runway o 

(e) At position!^ , the aircraft will pitch-over and capture 
and track what appears to the computer to be a proper 
upper segment. 



In the situation described above. Figure 6 shows that none of the 
three fail glideslope capture protectors will perform their protective 
functions as the result of the mis-setting of airport elevation! 

(1) Glldealope Deviation Trip As orglnally designed, the equipment 

was prevented from ^looking for’^ a glldeslop until the aircraft 
reached 5*0 EME, In the case shown above, the upper segment 
(mis-positioned) passes through , , the true earth ^s 

surface at about 7 miles from touchdowns The entire flight path 
from upper segment capture onward, is totally below IIS glide- 
slope and outside of the glideslope arm point (5 PME), 

(2) Height Above Field Trip « This trip, is calculated as 500»AFL 
based on what the computer has been ”told”,i8 TDZ elevation. In 
the case shovm, this trip point is about, 2500* below actual 
ground level* 

(3) Mjnimum DM£ Trip - It is obvious from Figure 6 that if the 
aircraft tracks the upper segment (mis-pOsitloned), this pro- 
tector is of no value. 

The need for false lobe protection still existed, but it was also 
necessary to protect against the obviously unacceptable sittmtion 
described above* 

An equipment modification was therefore incorporated. This, modification 
in effect allows the system to "look at" the glideslope to determine 
where the aircraft is with respect to the II^ glideslope (extended) at 
any time the system is armed and valid, but still inhibits arming for 
glideslope capture until 5*0 H.M. EME (if on upper segment)* 


The basic logic statement upon -which the modification is based is that 
there is no situation in uhich the aircraft can properly be on upper 
segment and below glideslop© at the same timso 

The equipment modification includes a ten-second timer which arms to 
run when the system is armed and valid. Once arraedp it starts to run 
at any time the aircraft is below glideslopeo If the aircraft is 
below glideslope for a period of ten consecutive seconds prior to upper 
segment capture gjjd the aircraft does not thereafter go above glideslope 

to upper segment capture p the autopilot discomeets and flight dir- 
ector biases from view at upper segment capture. Refer back to Figure 6, 

Assume the armed and valid leg prior to reaching position (^exceeds ten 
seconds* Since the aircraft did not go above glideslope at any time 
between running the clock down (between @ and 0)^the system will 
trip the autopilot and/or flight director at upper segment capture 
(Position ®). 

The remaining logic cases in which the aircraft was below glideslope 
for ten or more seconds but passed above glideslope prior to upper 



U PPER SSCMNT CAPTURE CASB8 


Position - System armed and valid. Autopilot and flight directors 
in auto approach modes* Ten-*second clock starts running 
down because computer determines that aircraft is below 
ILS glide slope* 

Position © - Clock has run down* Trip is armed. 

Position - Prior to upper segment capture, computer determines that 
aircraft is now above ILS glideslope* Clock is reset* 

Trip is dls-armed* 

Position - Capture of mis-posltioned upper segment. Aircraft descends 
on upper segment* 

Position ~ Computer determines aircraft is below ILS glideslope. Clock 
starts run-down. 

Position - After ten seconds (approximately 250 ' descent) , autopilot 
trips and flight director command bars bias from view* 


This modification appeared to solve both the false lobe and the below 
glideslope problems. In the On-Line Evaluation, however, it was dis- 
covered that this modification had given rise to another problem which 
was not intrinsically dangerous; however, it was operationally unaccept- 
able* This problem has been termed ^^the ^Nuisance Disconnect”, 


At this writing an additional modification involving the use of a 
RADALT controlled trip is being evaluated* 
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In the case shown in Figure 1 above, the aircraft is descending on a 
two-segment approach. As the altitude reaches h*(AFI»), if the aircraft 
were on upper segment, it would be at X DME. It is however at Xi EWE 
(Xj> X) when passing h’(AFL), It can be seen that the aircraft must 
therefore be below upper segments The computer resolves the (Xi-X)/ 
(hj^-h) disparity and translates the resultant into a deviation (in feet) 
from upper segment. This deviation is gain programmed into the vertical 
deviation indicator in the HSI on a linear scaling of 250^ /dot*' 

In their respective auto approach modes (required for two-segment track- 
ing), the autopilot and/or flight director pitch channels would issue 
the nose-up command appropriate to this deviation in order to correct 
the aircraft back to upper segment. The computer furnishes the auto- 
pilot and flight director with deviation information. These systems 
take the corrective action in the same m^ner as they do when furnished 
similar deviation from ILS glides lope ihfonaatloxi. 

It is also important to note that the vertical deviation Indicator 
(horizontal bar) in the HSI Is displaying deviation from upper segment 
from the time the system Is armed and valid until the aircraft descends 
on upper segment to glideslope capture point* at ;which point it switches 
over to display. deviation from ILS glideslope for the remainder of the 
approach. 

At "Upper Segment" AMBER, the HSI horizontal bar will move to full 
scale to the top ^ of the instrument. With vertical deviation scaled 

at 250*/dot, the bar will start to move toward center when the aircraft 
is about 500' below upper segment (extended). This furnishes the pilot 

substantially the same visual conflgiiration cue which he has available 
when approaching glideslope in the standard JtS procedure. 
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Glldeslope Deviation/ Tracking ^ It was felt that the vertical 
deviation indicator on the HSI was an essential perfonaance indicator 
for intercepting and tracking upper segment. For this reason, it 
displays upper segment deviation down to the glideslope capture point. 

At this point, it ceases to be referenced to upper segment and displays 
raw ILS glideslope. deviation in exactly the esMe manner as in the 
standard ILS, 

Because of the fact that this approach involves descent on an upper 
segment to US glideslope, it was considered necessary to display raw 
glideslope deviation to the pilot throughout the approach# This infor- 
mation is displayed on the glideslope deviation indicator on the left 
side of the ADI, After glideslope capture point, this indication and 
the flSI vertical deviation indicators shoxild be substantially identical. 

Until that point, the raw glideslope indicator in the ADI should show 
the ILS glideslope below the aircraft and the HSI vertical deviation 
display of upper segment centered (or displaying vertical deviation 
from upper segment center, if any) . When the HSI deviation reference switches 

from U/s to ILS G/s, as the transition to G/S is made) both indicators should 
be in agreement thereafter® 

(^) Lpca.li zer (Lateral) Deviation - The two-segment system does not 
involve localizer or the autopilot/flight director roll channels in 
any way except that it was found necessary to delay initiation of 
localizer gain ..programming unt^' passing the glideslope arm point. The 
two-segment system takes advantage of rather than time base gain 
programming in the pitch channel in the ILS glideslope phase, A rever- 
sion to normal (two— segment off and re-cycle autopilot to auto G/s) at 
this point might encounter a momentary gain disparity in the autopilot 
pitch channel • 



The technical concepts and methodology described in this part of the 
report generally reflect the state of development of the special 
purpose tvo-segraent approach system and procediires evaluated in the 
UAL 727-222 through approximately 10 October 1973 * The modification 
which was incorporated to cope with the nuisance disengagement pro- 
blem has not been described herein. It was evaluated in line service 
for approximately the last two weeks in October, 
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INTRODUCTION APPENDIX II 


The Flight Slmiilator phase was an indispensible part of the overall 
program. It permitted the detailed investigation of many factors 
under precisely controlled conditions and with known degrees of 
variation. By determining the reasonable maxinruin and minimum limits 
of the profile and procedures variables and their effect upon each 
other and upon ground level noise, it was possible to develop a small 
family of profiles of approximately equal operational and noise 
abatement merit. This permitted the Project Team to concentrate their 
evaluation efforts in the prototype aircraft upon confirming and/or 
modifying the simulator resiilts and upon optimizing the profile and 
procedures which would be evaluated by the Guest Pilot group and by 
the UA.L Line Pilots in the six-month On-Line Evaluation, 

This appendix will not present in-depth data analysis. It will 
present only typical samples of the data which was recorded in the 
Engineering SimuLation Evaluation, The peripheral devices used with the 
simulator precluded recording data on tape or other form which would 
permit computer processing or statistical analysis by any means other 
than manual reduction and overlay grids. The Project Pilot team used 
this data in this v/ay to analyze the resul.ts from each session during 
the profile and procedures developnent phase. 
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THE FLIGHT SIMULATOR 


Its ^Xinctlon in the OveralT TSyaluatlon 

B. Hardware Basic Simulator 

C. Hardwe.re - Two-Seeanent Computer 

D. ^ftware 

- Aircraft Systems 

- Tvo-Segment Computer 
E« Sound Prediction 

* 

- General 

PWdb vs Distance to Touchdown and 

Altitude vs Distance to Touchdown 
~ 90 PNdb Contour (’^Footprint**) 

F« mMr,Pata Systems 

- 14-Channel Oscillograph 

- Line Printer 

~ Project Pilot Comment Summaries and Approach Data Cards 
~ Evaluation Pilot Questionnaires (Off-Line) 

- Sound-Video Tape 


A, The Flight Simulator - Its Function in The Overall Evaluation 
The Collins two-segment computer system characteristics and aircraft 
interface were programed into the flight simxilator immediately after 
definition by NASA/Collins/and UAL, This permitted the Project Pilot 
Team to proceed with the development and analysis tasks at the same 
time Collins was developing, fabricating and testing the prototype 
hardware which was to be Installed in the evaluation aireraft* Not 
only did this significantly reduce the overall program time, but 
made possible cejrtain investigations into profile and procedures develop- 
ment which would not have been possible in the actual aircraft installa- 
tion* The principal functions which the flight simulator has served 
are listed below in general terms* Each of these is discussed in 
detail in Part III of this report* 


1* Profiae_and Procedures Develonroent 

(a) Varjtablgg 

(1) Investigation into effects of varying a profile parameter. 

/ 

(2) Establish a practical maximtm and minimum value of each 
parameter* 

(3) Optimize the value of a variable in combination with other 
related profile variables* 

(4) Determination of the effect of a variable and combination of 
related variables upon ground level noise* 

(b) Environmen tal Effects 

(a) Investigation into effects of wind, wind shear, turbulence, 
visibility, ceiling, time of day (as it affects visual cues), 
structural and/or engine icing. 

(b) Determination of the manner in which the above factors affect 

the two-segment profile/procedures differently from the II^ profile* 

(c) Determination of the degree to which any of these factors limit the 
use of the two-segment approach procedure more than it would limit 
the ILS procedure under the same conditions* 
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(c ) Airapeed/Configuration Scheduling 

(1) Investigation into maxiinum and minimum practical airspeeds for 
intercepting, tracking and transitioning on two-segment profile, 

(2) Investigation into configuration scheduling which is compatible 
with airspeeds, established configuration schedules and crew 
woricload* 

(3) Determination of the effects of these variables (singly and 
in combination) upon ground level noise, 

2. Profile and Procedures Optimization - Having accomplished the tasks in 
(1) above: 

(a) Combine the profile variables within the established limits into a 
family of profiles* 

(b) From the possible combinations, derive the few profiles which 
optimize safety, repeatability and over-all crew workload, 

(c) Determine the relative noise abatement merits of the profiles 
selected in (b) above. 

3* Equipment Failure and System ms-Hanagernent Effects Analysis 

(a) Accurately and completely simulate the two-segment system and its 
interface with the basic aircraft systems* 

(b) Make an extensive pre-evaluation analysis of normal two-segment 
system behaviour and test in the simulator, 

(c) Make a similar pre-evaluation analysis of the effects of failures 
in basic aircraft systems and of failures and mis-raanageraent of 
the two-segment system. For purposes of this analysis, the system 
was considered *’mis-managed’* if certain actions were not 
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taken to place the system into operation or actions were taken out of 
sequence or at ah impi*oper time during some phase of the approach 
procedure* 

(d) Evaluate the effects of mis~setting airport elevation and altimeter 
baro-corrections . 

The simulator proved to be a valuable development tool for the above 
purposes* In a few instances the observed behaviour was at variance wilh 
that which had been expected* The further analysis led to some minor 
logic discrepancies in the two-segment equipment design. These were 
corrected in the prototype hardware and thus saved time and effort in 
the engineering flight evaluation phase, 

B* STMTT^ATnR Tf^RDUARE - The flight simulator used in this evaluation is 
described below* 

The simulator cockpit conforms to UAL B— 727— 222 N7647U (Boeing QA 
428 modified to UAL specifications). Cockpit configuration and systems 
operation are identical in all significant respects to the 28 B-727-222 
aircraft in the UAL fleet* Performance characteristics are based on 
the Pratt and Vhitney JT8D^7 engine* The fuselage unit contains an 
instructor’s console from which environmental conditions can be set 

varied and from which malfunctions in all aircraft systems can be 
inserted* Considerable additional detail on these capabilities is 
given in the Environmental Conditions section and in the mal- 
function descriptions associated with each of the components/sys terns 
discussed below* In addition to the specific malfunctions described. 



failures of electrical bus(es) and/or circuit breaker(a) associated 
with the operation of a piece of equipment or a system will manifest 
themselves in the same manner as in the aircraft* Where there are 
operational interdependencies (as between NAV receivers and flight 
director), insertion of a malfunction specific to the parent component 
vdll produce the proper side effects in the operationally dependent 
component (s) or system(s). 

2* Autopilot and Navigation 

Pull operational simulation of the equipment listed below is pro- 
vided* Specific malfunction (s) associated with each are described, 
bearing in mind that some will result in secondary effects in other 
components when the primary component failure is inserted: 
a* Autopilot - Sperry SP50-LWM-SPC system* All operating modes 
are simulated. The Sperry 25^5802-8 controller is installed. 

(Also see Approach Progress Display below. ) 

MALFUiCTIONS : 

(1) Upper Yaw Damper Fail 

(2) Lower Yaw Damper Fail 

(3) Runaway Stabilizer Trim Nose Up 

(4) Runaway Stabilizer Trim Nose Down 

(5) Jammed Stabilizer 

(6) Autopilot Aileron Engage Fail 

(7) Autopilot Elevator Engage Fail 

(8) No. 1 Vertical Gyro Fail 

(9) No. 2 Vertical Gyro Fail 

b; . Plight, Director : Dual Collins FD-109A Integrated Flight Director 

System* The system hardware including roll and pitch computers 
and instrument amplifiers are actual aircraft hardware except that 
the skid ball in the ADI is servo driven. An aircraft ADI is 
interchangeable if necessary except that the skid ball would be 
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inoperative* All software inputs (except skid ball) are made to 
the flight director computers and instrument amplifiers* All 
operating inodes are simulated* Mode selectors are Collins Part No. 
722>5378-CX)l* 

PLIGHT aCRaCTQR MALFUNCTIONS : 

(1) No* 1 Steer Computer Fail 

(2) No* 2 Steer Computer Fail 

(3) Altitude Hold Fail 

(4) Captain’s Course Indicator Fail 

(5) First Officer’s Course Indicator Fail 

(6) Captain Localizer Pointer (Rising Run\/ay) Fall 

(7) First Officer Localizer Pointer (Rising Runway) Fail 

c* Approach Progress Display ; Dual Boeing Spec 10-61330^ displays 
installed* Displays had two unused annunciators on flight dir~ 
ector side and three unused annunciators on autopilot side* As 
previously described, the Captain’s annunciator was modified to 
include an •’I^per Segment” annunciator between "VOR/LOC” and ’’Glide 
Slope” * 

d* Standby Attitude Indicator; Fully operational system is simulated* 
All aircraft electrical power dependencies are included. In 
event of simulated complete aircraft electrical failure, SAI re- 
verts to its own self-contained battery power source (simulated), 
e# Mach/ Alrsxaeed: Dual indicators with servo driven movement (Astek 

B0243319U) per Boeing Spec. 10-60922^11. Airspeed and Mach 
number as well as overspeed warning and flight director airspeed 
hold are included* 

Separate true airspeed digital readout provided (Litton Ind. 850714). 

Dual Bendix 7913-I^3A1 indicators* Program computational 
accuracy to approximately ± 0*015 feetl 


g, ]^ ;i 7 np)fttrtc Al timeter; Dual Kollsman servo-pneumatic (Kollsman 
B38689-10-005) • Servo-pneumatic programmed for captain alti- 
meter only. Altitude computational accuracy approximately 

+ 0.015 ft. 

BARO ALTIMETER MALFUNCTIONS 

(1) Freeze Captain Altimeter (simulates mechanical movement freeze) 

(2) Captain Static Line Leak 

(3) Captain Static Line Plugged 

h. Radio A!l^tiine-I^ey t Dual Collins 522^4363-007. Full operational 
simulation including 2500* alert and selectable decision height. 

i© Altitiidq Simulated barometric system with selections 

from -2000* to 53 >000*. System provides visual and aural warn- 
ings when i 750* and + 300* from barometric altitude selected by 
crew. Selected altitude is ambient barometric pressure compen- 
sated by baro set control on altitude selector panel, 
j* IVSI : Dual indicators. Servo driven movement. Scale range 

± 6000 ’/minute. Reflects G-force and ground effect phenomena. 

Jc. wrgg Dual Sperry 1783993-485 

Indicators* (HHR-4) 

HSADING-C013HSE DEVIATION INDICATOR MAXiFUNGTIONS : 

(1) Captain's Course Indicator Fail (also falls First Officer's 
HMI compass card) 

(2) First Officer* s. Course Indicator Fail (also fails Captain’s 
RKI compass card) 

(3) No* 2 ILS Bearing Error (1® localizer error in #2 localizer) 

(4) No. 1 VQR Bearing Error (5° bearing error in #1 VOR) 

MI* Dual Bendix 36158-1AF25A1 with VOR-ADF switching module 
(^ 1 . and #2 needles) for each indicator. 

RMI MALFUNCTIONS s 

(1) Captain ADP Fail (Fails direction finding capability on 
captain's ADF receiver) 




(2) First Officer ADF Fail (Fails DF capabilit 7 on F/0 ADF receiver.) 
m. Standby Compass 2 Servo driven (simulated *• whisky” compass) 
n* VHF NA.V Receivers; Actual receiver hardware is software simulated. 

Dual VHF I!JAV receiver tuners are Gables G1728. 

VHF NAV RECEIVER MALFUNCTIONS ; For flexibility, these receivers 
are treated in software as separate localizer and glideslope receiver 
sections. Because of the high degree of operational dependence of 
the flight director and autopilot (in appropriate modes), the 
following malfunctions have significant bearing upon the navigational 
displays and upon certain flight director and autopilot modes: 

(1) Captain (No. l) Localizer Receiver Fail 

(2) First Officer (No. 2) Localizer Receiver Fail 

(3) Captain (No. 1) Glideslope Receiver Fail 

(4) First Officer (No. 2) Glideslope Receiver Fail 

o* Low Frequency ADF Receivers : Dual Collins 522-2357-018. As with VHF NAV, 

receiver hardware (except tuner) is software simulated. The #1 ADF 
was removed and the Airport Elevation Set Panel was installed in the 
tuning head location on the Captain's forward pedestal. 

ADF RECEIVER MALFUNGTIdlS : (SEE RMI ABOVE) 

NOTE: The above navigation receiver failures are aircraft equip- 

ment failures. In addition to these, the individual NAVAIDS can be 
selectively failed. In this connection, the VORTAC stations are 
prograBmed so that either the VOR or LME function can be failed 
separately from the other. 

p* ^^yker Beacons : The 75 me marker beacon recd.ver operation is 

simulated aural and visual signals as in aircraft. Instrument panel 
contains blue (outer), amber (middle) and white (airways) marker 
lights. 
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3. Environmeptal Conditlona Controls 


An environmental conditions panel on the instinxctor*s console permits 
the setting and/or variation of the environmental conditions described 
below; 

a* Altimeter Setting; Permits settings (to 2 decimal places) from 
24-35 in. Hg. 

b. Q.F.E . ; Permits 12 in, Hg Variation. 

c. Sea Level Temperature; Permits settings (in whole degrees) from 
-35° to +65<^C. 

d. Outside Air Tempera tul*e ; Is related to sea level temperature by 
lapse rate and altitude. Variation of either SLT or OAT will 
change the other by the same amount. Permits 100°C variation of OAT. 
Lapse Ratq ; Permits variations (to 2 decimal places) from -6°C/1000* 
to +1^/1000*. 

f. Wind Programs The panel provides the means for setting airfield 
height wind direction (whole degrees) from 0® - 359° and velocity 
(whole knots) from 0-250 knots. A separate set of controls sets 
the non-friction (2000* AGL and above) wind through the same limits 
as above. These separate controls permit the operator to establish 
a virtually infinite number of wind shear conditions. The computer 
performs a linear integration between the 2000’ and surface directions 
and velocities such that at any point from 2000’ AGL to touchdown 
the wind acting upon the aircraft is the resultant of these two 
winds, (e.g.) if the 2000' wind is set at 270°/30 knots and 
surface wind is 360®/l0 knots, the wind acting on the aircraft 
when above 2000' AGL would be 270°/30 knots. As a descent 
below 2000' AGL ia made> the wind direction would move from 270° 




t<nra.rd 360° at a linear rate of and velocity would decay 

/ 

from 30 knots to 10 knots at a linear rate of 1 knot/100 ’ ) • The 
wind program is integrated into the flight director and autopilot 
programs so that the proper wind and wind shear compensations are 
called up in these program outputs and displays. 

gf Rough Alr/Turhulence : The motion system receives inputs from this 

control which is infinitely variable from no rough air (no fuselage 
excursions) to maximvp which induces random excursions in all 
three axes corresponding to severe turbulence. Instruments which 
normally fluctuate in turbiUence will fluctuate to a degree pro- 
portional to the severity of the turbulence selected* 

h. Gross Velght : This control permits the setting of gross weight 

from 100,000 lbs. (zero fuel weight) to approximately 200,000 lbs* 
in combination with the total fUel set control below. A given 
gross weight can either be held constant or permitted to decrease 

an amount (and at a rate) corresponding to fUel burn-out. 

i. Center of gravity ; permits the operator to set the airplane C.G. 
to any desired value from 10^^60^ MAC. An instantaneous (and if 
applicable constantly updated) digital readout of the value of 
any of the above parameters is available on the panel. A continu- 
ously updated digital readout pf the wind acting upon the simulator 
at any instant is also provided. 

4* Condition Freeze Controls 

The operator can freeze the following conditions in the state that 
existed at the instant the particular freeze is selected. For purposes 
of this evaluation, particularly in the initial and procedures develop- 
ment phases, these freezes proved to be quite valuable. 
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a* Flight Freeze : Freeses simulator in attitude, airspeed, altitude 

and geographic position existent at time of selection. Aircraft 
systems continue to fimction normally (power changes, hydraulics, 
electrical systems, etc.)* 

b. Position Freeze : Freezes simulator in geographic location at 

instant of selection* 

C* Problem Freeze s Complete freeze of all computer output s/inputs 
at the values which existed at instant of selection* 
d« Level Flight s Removes any existing roll, pitch or yaw and holds 
simulator in level attitude* 

e* Fu,el Quantity Freeze a Freezes fhel tank quantities and fuel 

weight at values existent at time of selection. This was used in con- 
junction with gross weight above when it is desired to conduct 
operations at some fixed gross weight value* 

5* 

The simulator incorporates a number of controls for rapidly reposi- 
tioning or slewing the simulator. These are: 

a* FLlght Jleset : Vhen activated, the simulator is instantaneously 

returned to the geographic point on the earth’s surface from 
which a standing start takeoff was last commenced. The heading 
and altitude are slewed to the values that existed at that point, 
b. Preset Initial Popitj.pp3 ; The existing program contains 64 preset 
positions to which the simulator can be instantaneously slewed. 

Of these, 17 are positions related to points on the visual terrain 
model* The remaining 47 are airborne fixes in an arrival area at 
some selected point and at some preset altitude and heading. Any 
feeder or other fixes required for this evaluation were pro- 
grammed as requixred* 
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• Positionlniir to NAVAID ; Similar to the initial position system 
above except that this system instantaneously slews the simulator 
to the geographic position of the NAVAID selected* There is no 
pre-programmed altitude or heading slew involved in this system* 

d* Altitude Slew: Permits the rapid slew of the simulator altitude 

to any selected value from sea level to 50,000’. 

Airspeed Slew; Permits the rapid slew of indicated airspeed to 
any selected value from 0 - Puli Mach/ASI Scale. 

Approach Process and Poalt ion_Monitoring 

A Continuously updated digital readout of the following is available 
on the instructors console. 

a* Distonce/Bearing to Ststlop ^;I onitor ^ The current distance (nearest 
0.1 W.M.) and bearing (nearest degree) of the simulator to any 
selected NAVAID is displayed. 

» The current Lat/Long of the sim^ulator (to the nearest 
0.1’) is continuously displayed, 

c* • Approach Deviation Deviations above or below glide slope 

and right or left of localizer centerline (to the nearest foot) and 
distance to touchdown (to the nearest 0.1 N.M.) are displayed when 
any programmed IIS or GCA station is referenced. 

.7, Three^Axla Motion Svaten) 

The simulator Incorporates a hydraulically powered 3-axis system. The 
control loading system (stabilizer trim, elevator, aileron, nosewheel steer- 
ing, etc*, is also hydraulically powered and can be operated with or with- 
out the motion system on* 
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The simulator incorporates a visual system with a color image pre- 
lected on a large screen in front of the cockpit. The image is developed 
by an of>tical probe transiting a 2000:1 rigid terrain model which repre- 
sents an area on the earth's surface of approximately 10 NM X 5 NM. The 
parallel runways are oriented along the 10-mile axis of the model and 
are situated approximately 6 miles in from the ILS front course edge of 
the model. The system is designed so that by selection of any given 
pre-programmed or GCA reference station, the 10 X 5 mile model 
is made to represent that portion of the earth surface surrounding the 
referenced ILS/GCA runway. All associated NAVAIDS in the arrival are 
properly oriented and situated with respect to this runway. For purposes 
of this evaluation, Stockton aii*port and all associated NAVAIDS required 
(including co— located glideslope IS^) were prograjmiaed into the simulator. 

A visual control panel Is on the instructor's console. The controls 
of Interest in this evaluation are as follows: 

a. Projector Transit Control 

This control moves tl^ tjrue picture from a position in front of the 

Captain's seat to the other side if the occupant of the First 

Officer's seat is flying the approach. 

b. Yisiaal Environment Controla 

(1) Visibility in miles and quarters of a mile can be set from 0-9 3/4 
miles. RVR can be set in 100-foot increments from 0-9900 feet. 

(2) Ssilipg is. settable in 50-foot increments from 0-2000*. A 
physical limitation in the 2*-axis hardware of the optical probe 





precludes ceiling selections higher than 2000* . This meant that 
visual contact with the runway did not occur before reaching the 
point on the upper segment corresponding to 2000 feet above 
airport elevation (with loaxiBiujii ceiling set in)« 
c* **Tinie of Dav** Ogntrol^ - Three selections are possible* These are 
"Day**, "Dusk" and "Night". These result in three levels of gene3?al 
area illumination of the model and except for the differences which 
exist in the real world at those times of day, these selections do 
not affect the much more accurately controlled visibility described 
above. 

d. Lighting - The front course lighting on the ILS runway (11,500*) 

is CAT II lighting. The centerline and touchdown zone lights 

can be turned on or off or brightened or dimmed independently from 
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the approach light system and sequenced flasher lights. The and 
are also independently selectable and controllable. 

C* Two-Segment System Hardware - The cockpit components of the two-segment 
system were installed in the simulator cockpit in the same locations that 
they were installed in the evaluation airplanes (off-line and on-line). The 
altimeter was not replaced by the drum-counter altimeter which was used in 
the airplane installations. This decision was made for two reasons: 

(1) An altimeter was not available in the time frame of the simulation 
evaluation. 

(2) The baro-correction input to the two^segment computer in the aircraft 
necessitated an altimeter installation which could furnish this input. 
It was available in the regular almxilator software package without 
requiring a special altimeter set p^ck-off. 
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The two-segment switch was installed and controlled the two-segment system 
logic in the simulator program exactly as it does in the aircraft installa- 
tion* 

The Airport Elevation Set Panel was installed to provide a simulator pro- 
gram input which is functionally the same as the aircraXt input* 

The Approach Progress Display was modified as shown earlier in Part I of 
this report* 

D. Simulator Software - The basic aircraft system software packages re- 
mained unchanged with the incorporation of the two-segment and data system 
programs* In this way, the simulator was available for routine training 
use at any time it was not required for this evaluation* Both the two- 
segment and data software programs remained resident in spare core at all 
times* The majority of the two-segment program was full-rate* This did 
not affect any of the other full-, half-, qmrter-, or eighth-rate programs 
since the si mu lator was built with 20^ spare time over and above all of 
the normal program time requirements* 

The two-segment computer and switching unit were functionally and oper- 
ationally simulated with software* All of the interface, validity 
Inputs and computer outputs to the flight control and navigational instru- 
ment displays accurately reflected the actual system behaviour* 

As will be explained in Part III, the profile variables investigations 
required the provisions for permitting the project Pilot Team to set a 
number of the critical profile parameters at some accurate value In order 
to measure their effect upon the two-segment procedures and upon ground 



level noise* A program was thus written which accomplished this objective. 
Each was selectable on the instructor console with a discrete switch and 
infinitely variable potentiometer with direct value digital readout. The 
variables and their settable limits are shown in Figure IV 



© Upper Segment Angle From 

@ Upper Segment Capture Point (Expressed in Tenns of 
Feet Below Upper Segment (Extended)* 100 * tofcOO' 

@ Lower Segment Capture Point (Feet AGL) fcJO » to UCO ^ 

@ Lover Intersect Point (Feet AGL)^0 » to $00 ’ 

FIGUHE 1 - SETTABLE PKUFXLE PARAMETERS FOR 2-SECMENT APPROACH . 
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UAL B727-222 FLIGHT SIMUIATQR 
PNdb PREDICTION PROGRAM 
PNdb ya^. Distance To Touchdoun 
and 

Altitiide vs. Distance To Touchdown 
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E. gouqi4 P redici^iQn Prograyog - The following general information is 

applicable to the sound prediction programs described in this section; 

1# The simulator so\ind prediction programs were developed principally: 

(a) To quantify the effect upon ground level PNdb of each of the 
approach profile geometry variables as each is varied through a 
reasonable range (e,g*, upper segment angle between 4° and 7°, etc.). 

(b) To quantify the effect of airspeed and configuration schedules 
(individually and in combination) upon ground level PNdb. 

. (c) To quantify the ground level PNdb differances between two differ- 
ent approaches (e#g*, ILS vs. some fixed geometry two-segment 
approach) and between different two-segment approach profiles 
(e*g.» upper segment (P vs. upper segment 5°, etc.). 

(d) To quantify the net ground area differences beneath the approxi^ 
mate 90 PNdb footprint between different approaches* 

2* The sinmlator sound prediction programs were not developed to yield 
accurate n^solute PNdb values for direct correlation with actual 
noise measurements* In this regard, the following must be con- 
sidered in any attempt to correlate simulator data with actual 
aircraft data; 

(a) The PHib vs. distance to touchdown program was predicated on 
Boeing data as shown in Figure 1. This is lateral engine noise 
for the JT8D-7 engine as installed in the B727-222. 

(b) The 90 PlWb footprint program utilized the same Boeing data as 
above. 

(c) Neither program applies certain real-world factors such as ground 
effect, temperature and relative hvimidity, etc. These factors and 
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others which affect actual PNdb were considered unnecessary 
because the noise prediction programs were developed to quantify 
relative PNdb values as described in 1 above, 

3* Simulator line printer data was analyzed to extract values of certain 
key parameters which are typical of the thrust and airspeed schedules 
used in the two-segment approach used in the On-Line Evaluation 
(6° upper; 2.9*^ glideslope; 690 'AFL intersection of upper segment 
and glideslope). These correlate very closely with actual aircraft 
values under the same conditions. These are; 

Upper Segment Stabilized EPR - 1,15 

Upper Segment Stabilized Airspeed - 135 KIAS (.205 M.N.) 

Thrust for 1,15 EPR at ,205 M,N, = 2400 ^/engine (approx.) 

A representative sample of the X-Y plots from the Off-Line Evaluation 
pilots (simulator) have been analyzed against this data through the 
stabilized portion of the approach from about 2500* AFL to about 
1000* AFL. 

The two separate sound prediction programs used in the simulation 
evaluation are described in detail in the following pages. It is 
important to realize that the plots which these programs generated 
were vital in the development and optimization Investigations conducted 
in the si mu lation portion of the overall evaluation by accomplishing 
the objectives stated in (1) above. 
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PMb va. ra: STANCE TO TOUCHDOWN • 

Program 0b , 1ectlve s To calculate and to plot with an X-Y peripheral 


plotter, the approximate ground level PNdb directly beneath the 
airplane for any given distance from touchdown (within 7.5 NM). 

The plane proceeds along a known approach profile (i.e., height above 
ground is known within close limits throughout the profile for any 
given distance from touchdoim)* 

The X-Y plotter was also capable of recording airplane altitude 
above field level versus distance from touchdown* For purposes 
of recording data, an altitude trace was plotted, and on the same 
sheet, the P%b trace corresponding to that profile was also 
plotted against the same distance to touchdown scale (1": mile). 

B* Program Data B^se ; The lateral noise characteristics of the JT8D-7 
and engine idth tintreated nacelle forms the principal data base for 
this program. This data is shown in Figure 1 in tabular form< 
and Figure 2 in graph form. 

Figure 3, shows the programmed engine thrust for engines 1 and 3 , 

and engine 2, for a given EPR at various mach numbers. This is 

/ . 

based on Boeing data furnished to the simulator msinufacturer and 
checked and certified in the simulator by the FAA. 

1. The PNdb table (Figure l) was placed into the computer as a 
data base. 

2. Thrust (on jj^l engine only) as generated in the engine program 
from the 01 engine table in i*’igure 3> was used as the thrust 
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entering argument to the PNdb table* 

3* Height above ground which is constantly computed in the basic 
simulator program was used as the other entering argument* 

4* The computer interpolated the thrust-height above ground 
instanteous values to generate an interpolated PNdb value 
from the table. 

5* This value was then output to the Z-Y plotter in the Y-axis 
which was scaled 6*4 db/inch* Any value below 72*5 db or 

i 

above 124*2 db (minimum and maximim PNdb table values) was 
limited to and plotted as a minimum (72*5) or maximum (124*2 db) 
value* 

6* Distance to touchdown which is being ccsnstautly computed and 
updated, was simultaneously output on the X-axis, which was 
scaled 1" : nautical mile* 

7* The resultant trace was thus the PNdb vs, distance to touchdown* 
In most cases, the 124*2 db limit was reached at about 1 KM 
from touchdown after which the trace leveled at that value* 

(See Figure 4*) 

8* The altitude vs* distance to touchdown trace was generated by 
taking the constantly updated height above field as the Y-axis 
output scaled 1” : 400** Distance to touchdown was on the 
X-axis as in (6) above. 

A typical plot with descriptive labelling is shown in Figure 4* 


ir -20 


Ref : Po«e^ So«»«p Fvfevut. ^ I3 ftu«w»7 1,547 

jT6ft- JL /l ISntctuL 

Matn«uz& 

TaxC^^moMs ; /40 RIAS 

77 * F ; 767 o R.H. 




'nMmrr ^ 

(b»>> 

loeo 

2m» 

4ooo 

4000 

4000 


t7«o 



IH 








300 

ilO.7 

III.8 

114.9 

114.0 

1181 

120.1 

ni.x 

124. 2o 

400 

I04.4 

IOS.F 

1077 

109.8 

112.0 

114-7 

U4.7 

M78 

|000 

«b.7 

9t.o 

100.4 

i04.0 

loss 

108.0 

IIO.S 

M79 

ZOOO 

84.0 

6T>I 

9e.8 

94.L 

94.0 

979 

101.7 

Io45 

3000 

7EI 

79.8 

09 

84.7 

68.4 

92.4 

95.8 

99.0 

4 000 


■M.Z 

77.5 

SB 

84.7 

87.4 

9»9 

947 


Flfit/RE 1-, PNdfi ffuwcTioiii Of ‘TitguiT vt «>«. <!<wwa> 

(JT80>7 CMmC - IMftttlrrCSo M^CClu) 

3T-2/ 























































Afyttht. 

; SMuilt^- 

GhO. . 160 Ki4S. 

77*F i 70^ <(<M. 



^oo 


-4 « 

/MO0> 


ymusr 


I 

/OM 




fUNCTtON 

DATA OR EQUATION 

THRUST -V- 

UN's 


■ THRUST 

>1 

DATA SoaXod at B15 1 

HN. 


2H 

Em 

BPR 

BPR 



FOR 


_ Q.8 

1.0 

1.1 

U2 _ 

WmKM 

WBKmM 

BNGINBS^ 

1 And % 

0 

-2300 

300 

2075 

3775 

6725 

10720 


0.1 

-2300 

300 

1650 

3300 

6100 

9920 j 


0.2 

-2300 

•300 

1750 

3090 

5660 

9400 


0.3 

^050 

400 

1700 

29^ 

5550 

9100 j 


0.4 

-1900 

550 

1760 

3000 

5450 

8945 


0.5 

-1670 

710 

1900 

3100 

5500 

9020 


0.6 

-1360 

960 

2140 

3300 

5700 

9330 


0.7 

-1200 

1248 

2430 

3620 

6000 

9005 


0.8 

-1050 

1610 

2660 

4050 

6510 

10500 ; 


mm 

-770 

2000 

3300 

4560 

7170 

11450 ! 


FUNCTION 


THRUST -V- 

NN 

FOR 

2 



1 ^ 

— 

EPR 

2.3 


0 

15300 

17480 

20850 

0,1 

14350 

16550 

19950 

0.2 

13790 

16000 

19500 

0.3 

13490 

15800 

19320 

0.4 

13440 

15810 

19400 

0.5 

13660 

16175 

20500 

ran 

14200 

16790 

20900 

ran 

14950 

17800 

22100 

1 0.8 

16000 

19050 

23650 


17380 

20600 

25400 


HK»s_ 


O 

O.t 

0.2 

0.5 

0.4 

0.5 

0.6 

0.7 

0.8 

0.9 


BPR 


-5700 

-5700 

-2500 

-2250 

-2000 

-1650 

-1550 

-1150 

-700 

^00 


THRUST DATA SCAI£I) 


SHI 


350 

300 

325 

390 

450 

660 

950 

1200 

1600 

2000 


BPR 

U1 


2075 

1650 

1700 

1650 

1700 

1850 

2075 

2350 

2770 

3250 


AT B 15 


BPR 

liL 


J3PR 

1.4 


BFR 

J4I 


3720 

3300 

3010 

2910 

2940 

3040 

3260 

3550 

3980 

4500 


6650 

6000 

5570 

5400 

5350 

5420 

5620 

5910 

6450 

7100 


10550 

9770 

9240 

8925 

8^0 

8850 

9150 

9600 

10325 

11250 























PUdb (CALCPMTEP) 


136 •* 


wpiciu. i-i PLorm tmcb 

(HOISE/ALTITIIDE tb DIST TO TOUCHDUH ) 


4000' f 


3000* 



FIGORE 4 


HSIGHT ABOVE FlEt^ (PT> 


nM. B?y7-gaa FLIGHT SIMOUTOR 
noise HffiDlCTIOH FHOOMM 
<y> mb coMToqB 


TT-zr 









90 FNdb CONTOUR 




A'. Program Ob ^active - To calculate and record on an X-Y peripheral 
device, the approximate 90 PNdb footprint in terras of lateral dis- 
tance in feet from ground level flight path centerline versus 
distance to touchdovm in nautical miles* As with the PNdb vs* 
distance to touchdown program (Enclosure (1)), the more complex 
factors which affect ground level PNdb were not taken into 

account since this program was designed to serve as a rel ative 
indicator of footprint area for different approaches* 

B* Pro^ara Data Base - Principal lateral noise data was derived from 
the table used in the other sound prediction program (Figure 1, 
Enclosure (1))« 

C. Program Methodology; 

1* The radius of the 90 PNdb envelope is calculated by entering 
the table (Figure 1) with thrust and determining the ”feet 
AGL* which corresponds to 90 PNdb* This result is the radius 
of the envelope* 

2* This radius is then treated as the hypotenuse of a right 
triangle. Height above ground is the vertical leg. 

3* The right triangle is then solved for the horizontal leg. 

The length of this leg represents the distance laterally from 
the ground level flight path centerline of the instantaneous 
90 PNdb footprint. 

An example to illustrate the above is shown in Figure 5* A 
typical set of traces showing the right half of relative footprint 
areas beneath four different approaches is shown in Figure 6. 
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F. Other SiTn^^lfito-r Dat^i Systems - Programa v;ere written to derive and output 
data on two other peripheral devices in addition to the X-Y plots des- 
cribed in the sound prediction section preceding* These were the 14^ 
channel oscillograph and the line printer prograjns* Details of each 
are provided later in this section. 

In addition to the above, the Project Pilots filled out rather detailed 
written smsinaries of each of the functional testing and simulation 
evaluation trials. Only typical examples ox t’ais data will be included 
in this report* A complete summary will be included in the final 
Project report* 

For the Off-Line Pilot Evaluation phase, the guest pilots and their 
Project Pilot counterparts filled out questionnaires and written sum- 
raaries of their simulator familiarization period prior to flying the 
Evaluation aircraft, A separate Off-Line ISvaluation report will be 
submitted to cover this phase. This data will therefore not appear in 
this report. 


Sound-video tape records were taken of each of the Off-Line Evaluation 
pilots' simulator period. Though' this medium did not yield ‘any parti- 
cularly valuable data, it led to the extremely beneficial use of this 
medium during the On-Line STC Plights and will be extensively used in 
the subsequent DC— 8/RiiAV Program which is to foUov/ the B— 727/Two— 


Segment Program. 
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The U-charmel oscillograph proved to be an extremely effective record- 
ing and analysis tool in the development phase of the Program* The 
Project Pilot Team selected the parameters shown in Figure 1. The 
scaling and general use of these parameters and combinations of para- 
meters for profile analysis, are described in this section* 
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FIGURE,. 1 - A TYPICAL 1Z,.CHANNEL OSC ILLOGRAPH DATA TRACE 








Event - When the event button is depressecl, a square wave spike of the 
amplitude shown is generated for the duration the button is depressed* 

The spike shown is approximately three seconds (see time scaling on 
upper left of Figure 1 ) • 

Altitude - For most of the matrix trials, the initial approach altitude 
was 3030 'MSL (3000*AFL at Stockton)* The ?.evel segment on the right 
hand side of Figure 1 represents 3000’ (AFI>), scaled as it was for all 
3000' initial approach altitudes* Some matrix trials called for com- 
mencement altitudes up to 10,000’ (AFL). In those cases, this parameter 
was appropriately re-scaled* 

Throttles (#3-2-1) i- Scaled in percent of lever travel. This is not 
intended to be a precise parameter* It was included to show the areas 
in the profile of throttle activity and a general indication of the 
magnitude of ttovement. 

Airspeed - As shown in Figure 1, the valve is about 160 KIAS, with a 
slowing to about 145 KIAS* 

Upper Segment Deviation - High resolution scaling was selected for this 
parameter in order to record the upper segment intercept regime accurately. 
In combination with other simultaneously recorded parameters it serves 
that purpose very well. Figure 2 below excerpts those parameters from 
Figure 1 and :peila.tes them to the aircraft position on the profile during 
that period; 







FIGUHB ^ ~ UPPER TRANSITIOK OSCILLOGRAPH DATA RELATED 
TO AIRCRAFT POSITION PROFILE 

At Q , the e.ircraft has reached the computed upper segment capture 
point (Ah appropriate to the speed of approach tc upper segment). The 
pitch maneuver is commanded and the pilot changes the pitch angle tc 
coiianence the descent* 

At ©. the HSI vertical deviation indicator Ins reached 2 dots. The 
aircraft departs altitude* 

At the aircraft is in mid- transit ion having moved to within 1 dot 

of uppfy segment* 




Between and ©i the upper ^efpnent deviation appears to have started 
to level at approximately dot. The pitch an^-le changes to a slight 
pitch-up to correct the aircraft tcv/ard upper cegrient. Shortly there- 
after, the flight director cornmands a resumption of the previous pitch 
angle , 


At (^ , the upper segment deviation is C, The aircraft is on up-per 
segment , 


Rol l Channel - This is the autopilot roll charnel conma nd. It is a 
straight line in Figure 1 v.iiich depicts a flight director approach, • 


For a coupled approach, this would record the localizer tracking c or-ma nds. 
The tuo-segment system does nc-i process lo.ter*. 1 infoxenation , It was 
therefore felt that the recording of flighi: director roll c<o:m’:ando 
vjould not contribute valid information with respect to evaludting the 
tv70-segment equipment which is strictly confined to the vcrticc.l gorticu 
of the approach gxiidance* 


Pit ch Angle - This is a high resolution scaling factor, 
changes required very close analysis in the development 
of the intercept, transition and tracking regimes. 'Hie 


Pitch 


sue 


and ophir.ilzation 
1 1 

s c a 1 0 G - . o n 


Fv;ure 2 above is approximate. 


It shows that T?ricr to , a constant 


attitude of about +3° was required to maintain stabilized level flight, 
Betv/eenjig)^ and it can be seen that the pitch attitude changed from 

about +3^ to -3® in the approxlriate 17-second interval shovm. Between 
and © 9 the pilot vShallovred the angle momentarily v;hich is reflected 
shortly thereafter by a leveling of upper segment deviation o.nd a flight 


director pitch ooniiis.j.nd for nope dovm. 






Pitch Controil, - The pitch control parmcter is the autopilot command 


in the pitch channel. As vdth the roll control above, it is a straight 
line in Fi^pare 1 since the autopilot v;as off for this approaclu In a 
coupled approach, it would record autopilot pitch coircnands for inter- 
cepting and tracking vertical approach profile. 

Flight iJij^ec to r Command - Shovjs the directicai a.nd magnitude of l.he ccr.ie 
inands displayed on the flight director in flying the approach, 

- This is a simpile linear timer-distance record. Figure I is not 
representative of the scaling used for most of the matrix trials. The 
resolution vras approximately doubled ovei* that shov/n, 

GUdeslone Deviation - As with upper segment deviation, tl:is reco.TxI 
v;as pregrem limited hetvreen 2 dots and 0 deviation. The input polar- 
ity was reversed on this trace so that it goes from 2 dots to C in 
the direction opposite from the rest of the parameters. This vjas dene 
principally to avoid clutter. 

As with upper segment deviation, this parameter, when used in conjunction 
with certain other simultaneous records, permitted a through analysis 
of the lower transition regime. Figure 3 below illustrates the direct 
relationship between the oscillograph record and the aircraft oositica 
on the flight j:«roflles 
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AT — The aircraft is on upper segment (upper segment deviation 0, 
pitch angle constant approximately 3° nose down) . 

AT - The flight director has commanded a pitch up to transition 
from upper segment to glideslope^ Between 2 and 4 this 
angle changes from about -3° to +1^* 

AT © - Glideslope deviation starts to move from 2 dots toward 0* 
Upper segment deviation is changing and the altitude rate 
starts to decrease* 

AT Q - The aircraft Is on glideslope. (G/S deviation 0). 
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LINE PFONTER PROGRAM 
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The Line Printer Program < 

The siimilator line printer did not have a real-time print-out capability 
when the Program commenced* With considerable effort and assistance 
from the manufacturer service representative, the interface and l/0*s 
were modified to permit the line printer to function as a real-time 
peripheral device* Figure 1 shows a representative flight director 
two-segment approach* The program was designed to accuimilate the values 
of each parameter shown and to output them on the printer each second* 

The details of the use of this data for analysis will be included in 
more detail in the Off-Line Evaluation. (Guest Pilot) Report* 

RefeiTing to Figure 1, a few specific points in the approach are dis- 
cussed here to assist the reader in interpreting the format: 
fe g e , , Q Q1 

Position is 6,1 EME; 2937* A.FL; ''upper segment" is GREEI^; "glide- 
slope" is AMBER. (Note: At the time this record was made, 

glideslope arm point had not been established at 5*0 Air- 

speed B4 KIAS, Flaps 24^, gear up* Pitch Control, pitch command 
show stabilized flight, power stable, ^3 throttle at 20^ (throttles 
1 & 2 are matched within 5 % less); on localizer; glideslope devia- 
tion 1 dot (or more) high. (NOTE: Since the program limits to i 1 

dot, the actual value, which is a great deal more than 1 dot at 
this point, is not shown. The resolution {± 1 dot in tenths of a 
dot was chosen to give precise deviation information on the glide- 
slope segment)* 




Page 002 (GXideslope Capture Point) 

Position is 2*6 ^glideslope has switched from 

AMBER to GREEN; flaps 30®; speed I38 KIAS* 

Note that 4 seconds later glideslope deviation becomes less than 1 
dot high and moves to 0.1 dot high 14 seconds later. Body angle 
starts from down 2® towards up. Approximately 12 seconds after 
capture, body angle goes through level to up. 

At 541 ' on glideslope (0*1 dot high), speed starts to decay 125 
to 120 KTS. Pilot adds power to catch speed and to stabilise 
on glideslope. 

£agg^p03. 

O Power addition at slightly excessive. Speed builds back up 
to 126 KIAS. Pilot reduces power, remains stabilized for re- 
mainder of approach until about 80' AFLj adds power to GO-ARCGND 
(does not select ’*G0-.AR00HD” ) . 
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PROJECT PII>OT APPROACH DATA CARD 


PROJECT PILOT COJMEKT SUMMARIES 


EVALUATION PILOT QUESTIOimiRES (OFF-LINE) 


SOUND-VIDEO TAPE 





3 3^ , e . JSiJiiP.tj y ?grc>agh Pata Ca^d 

A sample of the card used b7 the Project Pilots for each approach 
flown is shown on the following page* These were used to capture the 
data shown on the card and to record any comments the pilot had 
immediately after the approach was flcwn* This card was also used 
in the Engineering Flight Evaluation for the same purposes as in the 
simulator. 
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Project Pilot Comment Stcanary 

After each simulator period, the Project Pilots suiaiaarized their coniraents 
on a suininary sheet* An example of s^ach a summary appears on the follow- 
ing page. 

Evaluation Pilot Questionnaires 

During the Guest Pilot phase, each Guest Pilot was asked to complete a 
questionnaire on specific items* The results of this phase are the 
subject of a separate report and will therefore not be further discussed 
here* 

Sound- Video Tape 

The true value of this medium vmis not fully recognized until well into 
the Engineering Flight Evaluation phase* Sound- video tapes were taken 
for each of the Guest Pilot simulator sessions; hoirever, they did not 
yield any particularly valuable data at that point* It did, however, 
serve to point up its potential as an excellent development medivim. 

It was used in the 727 On-Line STC Flights and was accepted by the FAA 
as a record of certain system behaviours which did not thus have to be 
demonstrated on the STC Flight. 

Extensive use will be made of this medium in the DC-8 Engineering Flight 
Evaluation. 
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